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Page 2.

manual contains reterenca tables according to the calculaticn cf

electric systems by voltage tc 10 kV inclusively according to the

conditions of heating, permissikle lcsses of vcltage and econcmic

currant density. Are given data ca questions cf the ccntrcl cf

voltage and comp.nsaticn tot reactive power in distribution networks.

Manual is designed for the technical-engineering personnel, whc

works according to the design of industrial and public-service

glectric systqms, and can serve as textbook for the electricians and

the electricians, occur1Ed during scuntirg and cperation of

electrical networks.

Pages 3-4.

' No typing.

+."
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Section One

GENERAL INFORMATION.

1-1. The conventional designaticns and auxiliary tables.

Units measurement.

From 1 January, 1963, operates GOST 9867-61, which establishes

the use/application of the international system of the units cf SI,

fundamental units of which are aeter, kilogras (unit of mass),

second, ampere, degree Kelvin ard candle.

The international syste. Cf units must be used as preferable in

all ragions of science, technclcgy and naticnal economy, and also

with the teaching.

Table 1-1 gives mcst ccmmcnly used units measurement.

For the units the measurements, not entering the international

systqm of SI, are given the value cf thq ccrversicn factors:
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1 kWoh=3.6-106 40=3.6 NJ;

1 kgem=9,80665 J guit" tne rounding 9.81 J);

1 kcal=4186.8 J (with tte zcurding 4. 190 J);

aK-PC+27315.

where tOK - temperature 2n the degrees Kelvin;

t°C - temperature ir centiCrades (Centigrade scale).

Designations mathematical.

>- it is more;

- more or is equal tc;

<- it is less:

- less than or equal tc;

* - -from to;



2
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- - approximately:

- is approximatEly ejual to;

-- the infinite value;

Z - arithmetical sua.

.'
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Table 1-1. Units are measurement.

()

KvrpuM o 2 1 MeraAMoylb (e 1) MOMx (03)
Tooma (W) a if3AeKMPU~crtue atduxwqu

Maps.&wum. (16)anep () a
MeTp ('10) A .iare n :o

Mu ZC~L3') ~ M o.IbT 643)

CameTp I.-) CS a-IT (,Xq) sm ( C
KZZ~O~~pC - LW KnmoarT (3p) ian -r J-A

Menemar (3u0) A18 aI 3,C)
(33A~epw noatpx.Omu Bojibaanep (ow ea(y?
KmAaTHAni meip (i I A KHJoD80JbT-anep. ( 3q1) "ca ( qe)
KnaApembAl u~mituerp £'n IJ Merabo.iW-3nep (00) Matv

Meps' oefae.la tW) Mermm ("A.0 cw mom c')
KY6WRECKIIIl merp (0 As 80.1b?.amnep peaunsuwl sap ( s)

d N* KRuao911--aunep pWeaIIB- Map CS)
KydwiecxmA XHAJ!HeTp (GI HWA, (W)

Mas.ap~w ~MeraUO.Kb11Ta3ufep peaK. Mesap Cs&.,

Cexynma 151) ce,04, rei 24 46
Mawyra NaAi',)
qac (&*I 's s.)6~feps oievnepamyps.K~ ~ ~ ~ ~ ~@y Mam .pu ff) PZCCrrp3AycHOA LIM- *C

Knwoia-qac tW? uCA)1 P"Y rpuyc~w OKe
Kunorpaauoaerp (70) (+;~F-Ar

*Key: (1). Designation. (2). Designations. (3). Measures of mass. (4).

Joule. (5). J. (6).* Grams. (7) . g. (8). Kilcjcule. (9). kJ. (10).

Kilograms. (11). kg. (1i). flega-cule. (13). MJ. (14). Ton. (15).

Electrical units. (16) . Linear measures. (17). Amperes. (18) . A.

(19) . Kiloamperese (20).w KA. (2 1). e ter . (22)., Vlts. (23).* in.

(24) . lillimater. (25) . Centiareter. (26) . Kilcvclts. (27) . kV. (28).
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Kilomatsr. (29). Watts. (30) . (31), Kilowatts. (32). kW. 133).

Surface measures. (34). Megawatts. (35). MW. (36). Voltamperes. (37).

VA. (38). Square meter. (39). Kilcolt-amperes. (40). kVA. (41).

Square illimeter. (42). Megavclt-amperas. (43) . MVA. (44) . Ohms.

(45). Volume moasurps. 446). Magenas. (47). MC. (48). Cubic meter.

(49). Voltamperes (reactive/jetr (50). pitcb/,var. (51). Cubic

millimeter. (52) . Kilovars. (53) . kilovar. (54) . Measures of time.

(55). Megavolt-amperes (reactive/jet.) (56). Mvar. (57). Second. (58).

s. (59) . Hertz. (60) . 8z. (b 1). Minute. (62) . min. (63) . Hour. (64).

h. (65). Measures of teamerature, 466). Measures of en-srgy. (67).

Centigrade. (68). Kilotatt-hours. 169). kW-h. (7C). Degree Kelvin.

(71). Kilogrammeter. (7,). kg.m.

.op

I
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Table 1-2. Functicns cf trijcncieric values.

Cos~ ( n sIp tg~ I coo 9 Sfn I or

1 0 0 0.92 0,392 0,426
0.99 0,141 0,143 0,91 0,415 0.456
0.98 0,199 0.203 0.90 0,436 0,484
0.97 0.243 0,251 0,89 0,456 0,512
0.96 0.280 0.292 0.88 0,475 0,540
0.95 0.312 0,329 0.87 0,493 0,567
0.94 0,341 0,363 0.86 0,510 0.593
0.93 0,368 0.396 0.85 0.527 0.620

0,84 0.543 0.646 0.69 0.724 1.049
0.83 0.558 0.672 0.68 0.733 1.078
0,82 0.572 0,698 0.67 0,742 1,108
0981 0,586 0,724 0,66 0,751 1,138
0.80 09600 0.750 0.65 0.759 1,168
0.79. 0,613 0,776 0,64 0.768 1,201
0.78 0.626 0.802 0.63 0,776 1,233
0.77 0.638 0.828 0.62 0.785 1,266
0.76 0.650 0.855 0,61 0.792 1.299
0.75 0,661 0,882 0.60 0,800. 1.333
0,74 0,673 0.909 0.55 0.835 1.518
0,73 0,683 0,936 0.50 0,866 1,732
0.72 0,694 0,963 0.45 0.893 1.990
0.71 0,704 0,990 0.40 0.916 2,290
0.70 0.714 1.020 0.35 0,936 2,300

-II
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Tabl) 1-3. Designations ccndizicnal graphic fcr tha elactrical

circuits (GOST 7624-62 %itn cnanga No 1).

TJflffanuff aueneu naCTOSHH

TonepeuesHwft. Hanpnmeame nepemesuoe,

Oftee o6doiaqeae

Tot aepeuenR.-A "pex HuMi 50 eq j "t4,

HyAesaf ,NUaH (Rekrpab). ,fotnycxaer2 ny-
nenyo Toqxy o6maaqam 3oaxo 0P N

MM Tpezxaaaro TON. As, C

Kay: (1). Designation. t2). Designation. (3). Current (permanent.

Voltage constant. (4). Currant ivariable/alternating. Voltage is the

variable/alternating, general designatior. (5). Current

variable/alternating three-phase 5C Hz. (6). Ez. (7). Zero line

(neutral). It is allcwed/assumed zero point tc designate by sign "0".

(8). Phases of network/grid ct three-phase current.

',

- ,- _ . .
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Continuation ablp 1-3.

Hammonosumewg I OdasMURCum

floassiplfoCr O7PHUMA~ellM

floAnpHoc~rh no.1oMCHeAbuaA +

Hampame iepeAamt roma. curnia HAU no-
TOKa suepruul

Coejuiieiume ,aeKTrpHteCKoe meT3JLTlHqeCK~e.
pa3W.%IHoe m4 Hepfl3-beVIoe. Ofutee o6omia-
qemmte

m ei a w if e. B cxemaX 3tieprOcIa6-
MKeH&IR 10 lI3o6Pa)celIlq Pa~bem~oro A He- 0
panomIIoro coeauernu AonycxaeTCR HC-
nO~ibjOeaTb cileAypouee o05o3Ha'1erne:

9aFeu-r m~rpesaeab~biA

COnfoobi1eHHe AiIM czem Sxumam.elrrix R
CzeM 3abieuemm
(im02) a8cTHSHoe

C0)o) p~axr-CIO-

toga) flOAN0

AJO r) uuyru"oe

Kqy: (1) .Designation. (2) . Dasignatiofl. (3) . Pclarity negative. (4).
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Polarity positive. (5). Grcurdirg. (6). Cirecticn of transmission of

current, signal or energy ilow. (7). Connecticn electrical metallic,

split and nondetachable. Ganexal designation. (8). Ncte. In the

diagrams of powering fcr tne image of split and permanent connecticns

it is allowed/assumed tc utilize the following designation. (9).

Element/cell (heating.) (10). iesistor/resistarce for diagrams of

quivalnt ones and replacement schemes. (11). active. (12).

reactive/jet. (13). corplate. 114). inductive.
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Page 9.

Continuation lable 1-3.

C=3

JMJ e7eal0J pecl 33. OGuwe o6oaaa--

tw
AWIAq~Lge *ig*W

EXI M3 ADYX, rpex w1 ae~ JmAexTpmqeCXoa -7P'.

JIJI 3ejttnpmqecKod camaa 7pex~a.3aO~ Clc- -
(q P1 eflquaexaa e. HyAespyio H j r- q4L -

*8X 03 P33peuzfe~g PaWTm'iTh rOJU4Ha-
u

ANufm snexrpuqeca CB3R flepecexamwxecs.

3Auuu NJeXRpHe COCARAS3N lqecOWC

cAsm3apmm cas t.csmu

K'iy: (1). Dqsigiation. (i.Dasignatiofl. (3). capacitive. (4). Line



DOC 80040301 PIGE 13

cf electric coupling. Gerezal desiynation. (5). Unilinaar. (6).

Multilinear. (7) . Circuit oitw:o, three and n of lines of electric

coupling. (8) . Line cf tlectric coupling of three-pbasq system with

zsro linep. (9). Not?. Zero line and linas of phases it is permitted

to distinguish by thicknesses. 410). Lines cf electric coupling which

intersect, electricallynct ccnaected. (11). Lines cf electric

coupling rwhich intersect, alectrically ccnnected. (12). Branching cf

cnE lina of electric ccu~ling.
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Page 10.

Continuation fable 1-3.

Qre I 3smeme ARHH3Uaq.N.qe

(if) n p it m It a itane. flonycxae'rv~i li3o6pa-
utaTb cJINRNNC N pfl3ammre JiltHN

SAUTPE'leCKOh caUSE, nWA yrito 458 TTk~

Mytm Wae~lblbae: Koruesam, cocjemiureah
Meet Az. OLIWOF Mvelgfi

FnosPexiAesme M30JISUJN: NCYAAY JINIIUNI
sIiCtepagecoA CBM3I, 8a 3emmJIo mea icop-

MammiHa spawatomulac. Ofutee o60oaae-

$T.~ps OMMTp. Oftuee O&3aaerne

Bora~ m32 raJtbaHmqcxNx wAN axxylty.Im- I
TOPIWI 3IMCHTOB

flpeAioxpsarneib~ naauKHI Ofuiee o6oiHaqe.-

(laone rocw

(/3)(*ii)qa~dpelnoncum~biA
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Key: (1). Designation. (2). Designation. (3). Merging/coalescence and

branching off of lines cf electric coupling. (). Ncte. It is

allowed/assumed to d.pict merging/coalescence and branching cff of

the lines of electric ccupling at angle cf 4E,° . (5). Clutches cable:

end, coupling, for ons tranching. (6). Damage tc insulation: between

lines of electric couplirg, tc the earth, tc Ecusing. (7). Machine

rotating. General designaticn. (8). Transformer. General designaticn.

(9). Battery from galvanic or storage cells. (10). Safety device/fuse

(fusibli General desicraticn. 411). Switches. (12) . single-pcle.

(13). four-terminal.

.1

I
• 'x5
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Con-tinuation 'table 1-3.

(I) ~ I 1ti) Oauaqesuxe

fle4moqarej, sa o~Ao iianpaaaeIne (oA-
unornacwXaI):

fa) a Aa noamoesia

(5) 6) ma ipa noomeus (ipeme noao.-

Buuqaejk awomaTm~ecxxA. Ooumee odo-

Bimnnomie .ucoxoro sanpnxceHMS ipex-

kpmsnv.B czexax 315p-r.
caafxtewu Aonycxaelrcs suhco QJ~bTIIIA [
shaugqaml aJm3pfan xas j~a3aHo -

OaMOTfrN Pejie, KoffT8ETops N Ma1INTmoEO
iiyaaTeLs. AIuyCXMeCX 1aPKMeHRTb CA&- r~
5y1mm odosmaqemAx:m

(42a-)
O0owma peae .aupazeuus napaamefibaaS ..

OOuKrM KgovixT~ps 5 Matru~or nycma-i.... I
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Key: (1). Designation. (2). DesiVnation. (3). Switch to one directicn

(single-pole). (4). to two icsi¢tcns. (5). tc three pcsitions (third

position neutral). (6). Disccrnectcr. (7). Switch (automatic.) General

disiqnation. (8). High-vcitag4  biw1ch tripolar. (9). Note. It the

diagrams of powsr supply iz is allowed/assumed high-voltage switch to

dapict, as it is shown. (10). iinuings by relay, contactor and

magnetic starter. It is allowed/assumed to aF~ly the following

designations. (11). Vdinding ty relay current ccnsecutive. (12).

Winding by voltage relay parallel. (13). Windings of contactcr and

magnetic starter.

1:
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Page 12.

Table 1-4. Designations the conditional graphic of electrical

equipment and wirings cn thne Elans/layouts (GCST 7621-55).

3aetTPoJA8"ra~ezb atHXNHzpHb[A

9AeX IOAnxraTe.mb CrnHXPOIrnw

HecxUOLKO 3VIeCKTPO4DHra~enek, coc~asMRIO-
miz uoroA3HraTe4IbuIF npwUOA

Tpactoopp

flOA=~URSa TpancMPOaUMPHas

l iy, vyb. nrnai ynpamemns E__3

WUM4 -,c6opxa pacnpe~erre.bHaE __

Uxa4pacrpe~efiremun (cnAmo a ocae-

- LULH4  rpynnouoA paftoqero ocaememns

LUNT=g rpynnomoA aunpxuHoro ocaeiuternt
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Kay: (1). Designation. ( ). Designation. (3). Electric motor

(asynchronous.) (4). Electric motcr (syncbronccs. (5). Several

electric motors, which ccmjcse co-crdinated drive. (6). Transformer.

(7). Substaticn transfczmmr. (8). Eanel, panel, cabinet of ccntrcl.

(9). lanel, assembly diitributive. (10). Cabinet distributive (power

and illumination). (11). Panel cf yroup cf working illumination.

(12). Panel of group of emergency light.

31I
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Page 13.

Continuation fablo 1-4. _______

a IK C auro marm

RMC py6 nmamrOM

tLxc aipu4oxpaHNreATXuB

R cL CPY6HuIrNKno6 it ape~oxPaHHIMH C031

Kisonita ynpau~eHHO~

Au..,N cui0ono Pacntpenmtwen~oA ceTm ne-
pememiloro Tou a NnpmamIernea Ao 660 0
summ'IIeAbuo
(i r5

quims cmuosaA pacnpeAearrefiHMOA ceTm ne-
PteettRHo roxa manpinernwu cUiuC
660p**

aJ15 llcempaoqerao0cmememig:-
a)Ai ep~emeI Tombao 3flenlpoQC@-

Am ) I qepiemel c conauun ce- ---

TUNS (CA409oo 2 OcM3TTbHoA)

Kay (1) . Designation. (4). Designation. (3). Starter. (4). Sbeostat.

(5) . Cabinet with autctrtic mactine. (6) . Cabinet with knife switch.
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(7). Cabinet with safety devicas/fuses. (8). Catinet with knife

switch and safety devices/iuses. (S). Ccntrcl kncb. (10). Line of

power distribution netwcrK cf alternating current by voltage to 660

in 1 inclusively.

FOCTNOTE 1. According tc GOST 7621-55 to 50CV. ENDFCOTNOTE.

(11). Line of power distributicr ratwcrk of alternating current by

voltage is more than 6EC in z.

FOOTNOTE 2. According tc GCST 7621-55 it is scre than 500V.

ENDFOOTNOTE.

(12). Line of network/grid cf wcrking illumination. (13). for

drawings cnly of electric liyhtln. (14). fcr drawings with ccmbined

networks/grids (pcwer ar ligbtng).
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Page 14.

Continuation-fable 1-14.

JI~lx crtmasaptiftorp oczeute'44a

N') a) AA* qepTexeR TOJ~bMO 3aJencpoocae- ----

(S) 6) Ann' qepreIcef c cosueUeIsbMS Ce-
TlnU (CNoBo*a zoczeTHTenbisAi)

jTU5(Hx cmr Hn~4pR2Cmene 36 a Is nitze

AiZ1 3a3emAeEKZ s 4 --

J1NLTS YZOIUI? DMR3

apN4X OIXCNT C3OpXY

Ama41 ~iP838eTaaxeTJ 8 YXOAHTl asepx m

Tpss 0AO1.sw bHUms~X RsPoao1 mapcn AflP ce- AF1P3(1XIO)H
qeismem 10 Amx3. nPouAbae-mbix ila M4OAN35

kviw~1~pax (nps4Mep)
flna qeTUPeXv4(JJIbHhsx xafe.tu mapKxI AM AAr2 3x50+IX

meimeem 3X50+1IX25 mAsa poLwaaa- X25) 2T V/.,
embi nW)utbiA a oTACJ~bROi c~a~sbNOA TpydO
A111aINITpoM 1'12 (snPuueP)

* Key: (1). Designation. (2). Designation. (3) . Line of network/grid of

emergency light. (14) . fcr drawirys only cf electric lighting. (5).

for drawings with combined aezwcrKa/qrids (pcwer and lighting). (6).

Line of notwork/grid by vcltaja 36Vis below. ().Line of grounding.

(8) .Line goes down. (i) . Lire comes Cn top. ().Line branches and
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d parts upward and dcwbard. (11). Three wires cf mcdel APR by

section 10 mmz, run cn insulatcrs (example). (12). Two four-wire

cables of brand AAG with Section 3A50+1x25 *g2, run each in separate

stepl tube with a diameter of 11/2"1 (example).

1-2. Fundamental infcroaticn zzcm electrical engineering.

The current strengqt is determined acccrding to the law cf the

chin:

for the direct-current circuit

' A; ( )

for the altrnatirg cuireBt circuit

U A, (1-2)

where U - the voltage, q;

R - ohmic resistance, cks;

Z - impedance, ohm.

A
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Page 15.

Ohuic resistance dejends cn material and gecmetric dimersicns of

the coniuctor:

R-P-- ohs, (1-3)

where "L - length of conductor, a;

F - cross section, the uu2;

p - specific resistor/resisrarce, Lemm2/z.

Impedance of altsrratang current circuit is defined as vector

sum active R and inductive of the A resistors/resistances:

z-.W'+x'. ohm. (1-4)

Fundamental principles in the system of the tIree-pbase alternating

current:

with thq connecticn into the star

Uia. ,i .
l0 VT
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* Kqy: (1). V. (2). A.

with ths connecticc into Tae triangle

U. =(ii

- Key: (1). V. (2). A.

where indices "f" and "I" correspcnd to the phase and linear

(interphase) values of value.

Power of direct-curient circuit

P.UI-PR. W. (1-5)

Thq power of the single-pnase alternating current:

is active

P-UIcosy. W'; (14)

reactive/jet

QUlsia9, pitch/var. (1-7)

I
A
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The power of the thtae-pnase alternating currgnt:

is active

p.VWcos,. W; (1-8)

reactive/jet

.Q== 'UIalS. pitch/var. (1-9)

The total power of thb tnree-jhase alternating current

s =Y! uIYW- VA. (1-.01

Factcr of power (cos 0) is call-d the ratic of active pcwer

(wakt, kilowatt) to the total Fcwer (voltampere, kilovolt-ampere).

Factor of the power in general always less than tha unit. Only with

the puraly resistive lcad (incandescent lighting, electrical heating

installations) it is equal tc urit.

1-3. Definitions.

According to the detaruinaticn of the rules of the

d~vice/Rquipuont of tho electrical devices (EGE) of line, the
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employees for transmissica and electrical pcwer distribution, are

subdivided into aerial lines, cabie lines, electric wirings and

conductors.

Aerial line (VL) is called device/equipment for transmission and

alectrical power distrituticn acccrding tc the wiras,

arranged/locatpd on the cpen air and fixed with tha aid of the

insulators and the armature tc sujjorts cr brackets of engineering

facilities (bridges, overpasses, atc.). Aerial linas are subdivided

into the line by the vcltage cf acova 1 kV and line by voltage to 1

kV.

Cable line is called the line for the electric transmission,

which consists of one cr stveral cables with ccupling and terminals

(seals) and fasteners. Cable lines run urdergrcund in the trenches,

under water, in the special installations (blccks, mines/shafts,

etc.), and also in the clan air tcth inside and cutdccrs.

Electric wiring is called the totality cf wires and cables with

the ralating to them attachments, the surporting and shielding

constructions/designs. Ibe electric wirings include the power and

lighting lines of direct and alteznating current by vcltage cf up tc

1000V, laid within the tuildings and the installations, on their

external walls, on the territcries of courts and homestead sections,
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made by insulated wires, and alsc by unarmored india-rubber cables

(for example, brands ASBG, AV G, etc.) of fine/small sections (to 16

gM2 inclusively).

Electric wirings using tne method of fulfillment are divided

into the following fcrls:

1. Open, laid over the surface of walls and ceilings, on the

farms/trusses, etc. Open wiring can be staticrary, movable ard

movable.

2. Concealed/latert, continued in structural alements/cells of

buildings (walls, floors/sexes and overlaps)d

Conductors are called devices/eguipment for the intrashop

transmission and eictrical pcwer distributicn of the industrial

ent rprises of ferrous and ncnerrcus metallurgy, chemical and other

energy productions. Conductcrs consist of bare or insulated husbars,

laid in the ducts, the closed galleries cr the tunnels, and it is

also opened on the supporting structures. C¢rductcrs are applied with

the voltages both of uF tc 1000V and above ICCO.

7 1-4. Nominal voltages.

I,

*1i
'At
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Table 1-5-1-8 gives the ncinal voltages of electrical networks,

transformers, sources and xeceiers of electrical snergy to 10 kV

inclusively according tC GGST 121-62, introduced on I January, 1963.

I;O
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Page 17.

Tabla 1-5. Nominal vcltag.s of electrical netwcrks, sources and

rqceivers of glectrical eaergy cf up to 100V.

" isms no. imsAy MW nuMP- OA*01b3MS r=0..

6
12 12
24 - 24
36 36 36
48 - -
60

Key: (1). Direct current, V. (2). 7hree-Fhase currant (interrhase

voltage), V. (3). Single-phase current, V.

Table 1-6. The nominal vc1tages of electrical networks, sources and

receivers cf electrical enargy are more than 100 cf up to 1000V

(direct current) , V.

(o) Cm upqmumaht saeKpwmecK j L)4 lbrquu np wa, m

Ito I
2110 i 115

220 23
440 460

Key: (1). Networks/grids and receivers of electrical energy. (2).

Power supply.
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Tabl3 1-7. Nominal voltagds oi electrical networks, sources and

receivers of the electrical enery (alternating current), V.

q~uaeprw~T~epaoa

Vaumr TOi iPeAg ,-o iowa Owbwzworo iOwa

k I. 1 0 |'t 1
- 127 127 - - - 127 133

220 220 220f 230 2201230 220 230
380 380 3801 400 380 I400 380 -
660 - -~ 890 6601690 660 -

Note. For existinG elactzical networks with the nominal voltage

500V must be manufactured the electrical equipment to this voltage.

Key: (1). Networks/grids and receivers of electrical energy. (2).

Threephase generators (irtet haze voltage). (3). Transformers. (4).

three-phase current. (!). lnterihase voltage. (6). phase voltage.k (7). single-phase current. (8). primary windirgs. (9). secondary

windings.

I
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Page 18.

Table 1-8. The nominal interpnase voltages cf three-phase current are

more than 1000V electrical nezwcrks, generatczs, transfcrmers and

receivers electrical erergy, ard also their greatest operating

voltages, long permitt.d according to the vcrking ccnditions cf

insulation, kM.

suepruu omon M 060?NU uapnMMeMMU

3V3 3.5
6 6.3 [ 3 s63I6,6 6.9

10 M i0 ,5 10. I !5Y If 11.5

Notes: 1. Table 4 C± GCST 721-62 is given incompletely, since

presint manual is limited ic eleczrical netwcrks to the nominal

voltagp to 10 kV.

2. Nominal voltages cf pxizary windings cf transformers 3.15;

6.3 and 10.5 kv relate tc transformers, connected directly tc busbars

of generator voltage of electrical staticns cr outputs of ;,enerators.

3. With the presence in winding of transfcrmer of several

branchings indicated in Table 1-8 nominal vcltages relate to its

fundamental branching. for tha fundamental trenching one should

accept: with the odd nuster c trarchings - aierage/mean brarching,
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with even number of branchings - branching with the nearest large

voltage with rqspect tc tho medium voltage cf the range of ccntrol.

Key: (1). Networks/grids and receivers of electrical energy. (2).

Generators. (3). Transfcz.as. (4). primary windings. (5). secondary

windings. (6). Great is working vcltage. (7). and.

1-5. Fundamental requireaents fcr electrical networks.

Electrical networks must satisfy the following fundamental

conditions:

1. To be safe for lize and health of person and not to create

the thraat of the onset cf fire Cr blast. One of the necessary

conditions without the danger in electrical network is the ccrrect

I selection of the secticn ol wires and cables according to the

condition cf their heating cpezating current, and in certain cases

and overload protectior. For the cables the safety is guaranteed also

by their thermal resistance during the short circuit (see Section 4,

6 and 7).

For the safe operaticn of network/grid is necessary also the

correct selection of brard and method of the wiring and cables in

accordance with the characteristic of the envircnuent.

'1!
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2. To possess sufficient relidbility, i.e., not to be reason for

breaks in feed by electric jow,,r c ccnnected users. One of the

conditions of guaranteeing che reliability cf electric system is

sufficient mpchanical strength cr wires, cables and conductors.

Calculations for the mncnnIcd szzength of the wires of air electric

power lines with the eftect ot the stress of wires themselves,

ice-covered surface, wind, etc. do not enter into the goal of present

manual.

Tables 1-10 and 1-11 give tne smallest permissible on the

mechanical strength sqcticas of wizes in deperdirg cn the method of

separator and line vcltace.

.1_

Am
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Page 19.

Table 1-9. Selection of the vcltage of iistritution networks.

UUPUU6U O6.uacb flPumeemnv

1. (3)~wfu eueI o

3000 (4&) B KaqeCyme octiostoro HanpI2Keiimnl pacripeae-
JIHTeJ~bHII Ce1N HflXOAJ4? pe~Aioe npHmeteeu~e. Mo-
zer OWnb npwwveneno aiswj, nacue Hawac)4aueroF ~~TeX11NK0-3KoMo~Imecoo 060CiOaIMS Ha ripewpii-
XTUN C OTIOCHTeJibIIO HeiolOh loTPe6A~emoA
NOUIIIOCTbIO N IUPI 3f24f(Te.7bi(fO Biucae 3.1CKTPOlABH-
r~aTejieH I-oWHocmbio 75-200 Icar

6000 (5) EleJccooOp3iio lpii~fCIIRTb Ha npomupealnpsin-
THNx npss HaIIHM 311aPIItTe.bijoro iic-ia 3.ieKTPO-
(IPHeAIfIHKoe Ha 6 ica. rlpma peicotuCTPYKUII cyuLecT-
ByIOulNA ropoAcxHx ceeRc~ 6 ice npetime~eTc npfwI
ycjioBuu o~ucHoeatirn TexuIHKo*3Kouo)wiIeCKIM P2C-

10 owqeToM
1000 (LD)PCK0MeIU~yCTCN4 xc ulIpoKoy fpHMetueuuito a S

POWXa H4 ceaibClHX pauiTwax, a TaKH~e ua npomnpeA-
UPHNTHNX OPH oTyre?3hIII 604bWjoro 4HC.13 a IeKTP0O
IIpIemHHKOS, XOTO~bie MoryT nHtTaTbCNI HcnaOCPeA-
craettHO or ceix 6 ice

2. Mf~pamtenue do I WOa

660 (V) PexometAzye-rC% aHj0IOmy npsweeHRlO
a yrOAMbOA, roP[IOPYAHOR, xHM4ecJCol H~ He(PRHlOA
oypacanx npombiw.ie.4H0CrII. aornycxaeTRc 6e3 orpa-
HHqeIHHN 3.Lin CeX oTpac.1eft rnpo'lbWeHHOCTII 80
accx ciyqanx, Kurja 3ro 3140l10'lllecK4 ue.zocoo6-

380/22D (4)5IuawXeTCX OCHOBHhIM Hanpn)KeHHeuI ropoacNxx
3AJeiiPoCeieI. flpmueeitTCR aaxI nWTaHRn1 CH.108bIX
R QcCWTHTeAb~ibIX m.eKTP0nPHemlIIHKoa flpombihlmI-
Rbix npeainpxwRTiA no 4eThwpexnpoeu~InoA cHcre~ve

Tponpuem~n aec)wm ebRM BOp~ eco emi ycTafoaK 20/17

2261 L ~ lLA 1erN 2erior fil 500wrnr aCCLL

32 Lts)aan cerm mcrioro m pexoRTmoro oCsceCHH

* oUabNmu x a2pyrmi ocodo onaclitux nomuemHN
12, 2*, 36, 48. 6ji R nurarniu Uencft ynvaueius. cmr~ajlwsa-

.4 60. 110. 127, 22 INwuU XawroxAMUUMM TtXHOJ10n4qeChXM rwPOUeCO

K'::y: (1) . Nominal linp. vcltage, V. (2) . Field cf application. (3).
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Voltage is above 1000V. (4). As iurdamental voltage of distribution

network is found rare use. Can re used only after the proper

technical-economic substaniancn in the enterprise with the

relatively low raquirqd jower and bith a considerable number of

electric motors in power 75-20C kw. (5). It is expedient to apply on

industrial enterprises in presance of considerable number of

l-1ectrical receivers or 6 kV. Luriag the reccrstructicn of the

existing urban networks/gzids 6 kV it is applied under the condition

of substantiation by the technical-economic calculation. (6). It is

recommended to wide appiicaticn in cities and rural areas, and alsc

on industrial enterprises in tne absence of large number of

,?l-ctrical receivers whinc can ba supplied directly from netwcrk/grid

6 kV. (7). Voltage of up to 1000V. (8). It is recommended to wide

application in carbon, z2ning, czemical and petroleum branches of

industry. Tt is allowed/assumed without the limitation for all

branches of industry in all cases when this is economically

expedient. (9). It is fundamental voltage of urban electric systems.

It is applied for the feed ct the rower and lighting electrical

receivers of industrial enterprisas for four-wire system from the

genpral/ccmmon/total transtcraers. (10). 500 and 220 (for power

electrical receivers). (11). It can be used cly in reconstructed or

Pxpansible enterprises with a large specific gravity/weight cf

rptaine4 installations ¢f iz0 or 5COV. (12). (for lighting systems).

(13). It can be allowed after techrical-eccrcic substantiation in

• .. . i -- ... . I 1
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reconstructed or expansit enterprises with large specific

gravity/weight of rsatained installaticns 220/127V. (14). For

network/grid of local and repair illuminaticn in locations with

increased danger. (19). Ecr netwczk/qrid cf iccal and repair

illumination in boiler and ctner especially dangerous locaticns.

(16). For feed of ccntrcl cizcuits, signaling and autcmation cf

technological prccesses.

k
oj
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Page 20.

Table 1-10. Smallest permiss1iJ.e sections of wires and cablas in the

electric wirings acccrdirj to tne condition cf mechanical strength.

Xapaz?epIICTuxa nPOWAa U YClAulH UPON43AKN I S 'V
(AYIo.IupouaNmhe ratme nposo.3a flNYrpu t c:HapyM4u

OCVeTITe.bI~blX I PMOTVP:
410 ByTpII 3X1dllltl..................0.5 -

. Pue 311111A ..... .. .. .. .. .. .. .. . ....
(O)wiypba a o45teA 060oioq)e if flpomoa iwaroebie

Aan riflpHC eHl1uR fepewoubX Owrou..ix 3.ieK-
T ponpuemiluIKo . .. .. ........ . .... 0.75 -

tqK ie.i a posAOa waHrosswe unl npiscerimeHni
nepeHocHhlX 3.ieKTpoflpHemmfIKou 8 rrpoMbrUL7eMfRbIX

vCT2HO8KIX .. .. .... ... ........ . . . 1.5
Qd~)Ka~e.11 umlroae i n1 nepeJ~ehlwabix neXTponpitex-

HHO6. .. .. . ........ . ....... 2,5 -

1~~XpyqeHa4I 1 e MeyX*.cbrnbie flpoDoDa c mHoroflpoeo-
.loqwbill )ICIL1aMN =1 CT111aWOAo flpOL1.1HNf

Llk;me~ ie SOnlI~P0aHlble flpOuo.1a XIi cT8wio- 1-
113fPHOA flpOK.1aaicv HyTPIV flomeu~eiHi:

1-3) Na po.IH~ax 19 K.IHIt3 . .. ... ......... 2.5
031 N3oaNRTOp3X .. .. ... .......... 1,5 4
1e3auimueNmbIC 1130OW141aNhie ryposo.1a If Hapy)KHWX

fLAI1oC1311M.KONCPYUWM wat nop Hf0fMisa 330-
.iwropax .. .. ............... 2,5 4

09f!OA NMeca"Iu 113 po.1Nx3X...............1.5 2,5
7L e~ouitiuemimhe woIosimufme ripOWNi, HKaftiN 3

1p 3Xi sme.vir'emhix pyK.nuax. .. .. ...... 2,5
(- 16.114 N 3lUUhIIICNHbie 1130.1"pOoInatime fipoeol:w its

,culw1o~flpitoI flpoK.13,1xii.. .. .... ....... 2.5

tfrPO BHYTpn~ia~OUOA ce-ri:
CYCRINiiencelbil-X PONrOK .. .. ...... 2,5

(92.rpynnhoobme M~IHH CeTN ocSCifewi4H co
wrenlCc.ilbbil PO3eTW4I3 N tuelce.1iLbl

.11111411.. .. ... ........ . .... 1,5 2.5
53M,. BBoAMa 8 KBPUM K norpe6Hre-1Ru. jviC.

V" q eTlil C'iCI'IKN........ . .. .. .. .. . .5 4
10M'4 -CTOrnIN 3 *IW1X 3AaNHflX AIM1 InHT2HNN xma pmp 4 6

LAZW11,3.11P01111Nsihe npvsoaa3 5 3.lIUX .... .. .. . .5 4
Iib}iiemao.lposaiabie awulemme 01' KXOa311 I; pooo

' a 3 63MIIU.. .. .. . .......... .. 1.5 2.5
(.,A?~ee,3oinposaIue nphoUoMa is mapywiCbix npoioflax 4 10

(o#t4aonpomsamwiua flposo~x is made np. IlpoK.2AnKe
90 11BW~OlUblX flOMCULCHRNX 5 CT2.1bHbIX TPY6&iX:
'")ocwsiuawe cern .. .. ... ... ...... 1.5 2.5

00) CaomeCev. .. .. ..... . ... ..... 2,5 4
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KCy: (1). Characteristic or wire and conditicrs of separator. (2).

Smallest section, mm2 . (3). cofper. (4). aluminum. (5).

Isolated/insulated patch cords witain and outside fittings. (6).

within buildings. (7). cut ot Luildings. (8). Calles in

qen-ral/common/total Sbell and hire hose fcr ccnnection of movable

everyday electrical receivers. (9). Cables and wires hose for

connicticn of movable electrical receivers in industrial

installations. (10). Cakls hose zcr movable electrical receivers.

(11). Twisted twin conductors with stranded veins/strands for

stationary separator on rollers. (12). Unprotected insulated wires

for stationary separatcr indccrs. (13). cn rclers and cleats. (14).

on insulators. (15). Unshielded insulated wires in external electric

wir-ings. (16). on walls, construcTions/designs cr supports on

insulators. (17). under sheds cn rcllers. (18). Unprotected insulated

wires and pipe cables and detallic hoses/pipes. (19). Cables and

shielded insulated wires for staticnary separator. (20). wires of

intra-housq natwork/grid. (21). 1. Group lines cf network/grid of

illumination in the absencb of pluj sockets. (22). 2. Group lines of

network/grid of illumiration with jlug scckets and plug lines. (23).

3. Introductions/inputs into apartments, to users, calculated

countears. (24). 4. Risers in aatitable buildings for feed of

apartments. (25). Uninsuldted wires in buildirgs. (26). Uninsulated

shielded from corrosion wires in Duildings. (27). Uninsulated wires
in oxternal wirings. (26). Insulatad wires and cables with separator

in dangerously explosive locaticns in steel tubes. (29). lighting

systems. (30) . pcwer netwbczs/yrias.

A [
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Page 21.

Tablb 1-11. Smallest s':Ctious or wires and catles of asria1 lines,

p'2rmitt-id accorli4 ng to tha ccndirt.on of mechanical strangth, 3.2 (Cr

N3oes~,ywav a UW~pff flpo.

WACO 4 TPOC0

19)BOSOYwMeU AUXU 110W

'&ONI. Hexacenepimsn mecmocm 25 16 - 25 -
2Hacenteias uecTHOeTb......35 25 - 25 -

InepeceinN:
A. Peg, xammon, onep T. n.:

cyAoxoAnwz. .. .. ..... 70 25 - 25 -
"ecJ1"JI~n . .. , . 35 25 - 25

biitcs33 n curnaa.1&t1N 70 25 0
/S)B. )Keleaux Aiopor. HDaebStbix

Tpy6onpoeoAos aiaTw

TpoJIAyawxa numn . . .. 35 25 - 25 -

3 3M M3 . . . 2516 - 2

Ste;-l. (7) . stranded, mm. (8) . siaglo-wirce (dianetar) , mm. (9) .

ACrial linss 1-10 kV. (410). 1. Unjpcpulated iccality. (11).- 2.

Populat-ed locality. (12). 4. Intersections, (13). A. Rivers,
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channels, lakes and the like: navigable; unnavigable. (14). B. Lines

of communications and signaling. (15). C. Ircr ways, ground-based

conduits/manifolds and caci vays., (16). r. Highways of category of

I-IV, tram and trolley-tus lines. (17). E. Highways of category V.

(18). F. Aerial lines to 10 kV. (19). 4. Aerial lines to 10 kV. (20).

5. Branchings from aerial lines to entrances.

FOOTNOTE * Is not allcwed/assumed the use/application of steel

wires, with exception ct the 129btning arresters.

z. Is not allcwea/assumed use/application of single-wire

wires in diameter of mcre than 6.5 mm of compcsite cnes and 5 mm of

steel ones. ENDFOOTNOTE.

Page 22.

3. To transmit electric power to users with minimum dvviations

cf voltage from nominal. This is achieved by the calculation of

network/grid to the loss o± the vcltage (see Section 5) anl by the

sclection of the means cz rtgulating voltage during the design of th.

network/grid (see Secticr 11), ana also by the correct use of these

means during the operaticn.

'I
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4.To provid.- amls axp~ndituros for cprain n

construction of electric .systein ujcn reaching of conditions,

presented in paragraphs I-4 (see ad-10)
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; Section Two

BRIEF INFORMATION ABCUI 184 CCNSIRUCTION OF WIRES AND CABLES AND THE

CONDITIONS OF THEIR SEAEATC5E.

2-1. Wires not insulated.

Wires not insulatea are dpplied in air electrical networks for

transmission and distributing electrical energy. The uninsulated

wires run in th- open air, attaching to the suFports of aerial lines

cr the brackets of enginearing facilities with the aid of the

reinforcsment and the insulatcrs.

The primary construczicns cf the uninsulated wires they are:

1) single-wire and stzandwa wires of one metal (copper, aluminum

cr stgel) ;

2) the stranded steel-alu31num wirgs, which have steel core and

aluminum shall;

3) sinqle-wirt and stranded steel-aluminum wires of the

composita wire.
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.irgs bronze, sts,.1-orcnze, ccmposite steel-brcnze non-current.

Widest use in aerial networks by voltage to 10 kY inclusively

rrceived aluminum wires (Fi 9 . d-i). Steel wires as a rssult Cf their

pocr conductivity arq afliaid only for the lightly load.d

natworks/grids in the rural areas.

Fig. 2-1. Wire the unirsulatei aluminum cf brand A.

i, I
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Page 23.

Table 2-1. Uninsulated wires.

AlAO

AC &axAWUMMUA 10-4m0 O)To see, xorAa"TPe6YeTRc noshlneltuaS MexaK~qOCa npo'-
0oC b npOUOA00 (A-IN 6OJ~bIZX nPOflCTOB UXAY ToqacaUN

Kpgn.-jeH&M U AR ceieft a. palonHax Q TuMNUMoc4eP-
)Mug YCAO&UMui)

AK Aswuuestil icppoauavvo=iA- I660 W X m03AYWHUX coel R AHIIIA .SeiPOnepennM AO IC i8
Ras AR flpomuhixeKbix u: mopcxnx nq%6pe'KHbIE paftos. rme

A P~xioaec ycoptIIax KOPP03UN flPOSOAOU

ACK raleSMrnOwaUBMaa XOPPoiaoa. 10-400 4lTO *e. KOrna rpe6yeicS nosbiwemmax mexaKmaeCca
f,.NOCTAKMl npOsaNOCtb fPO§OAO3

BA MIENOAAtAUNCCKA cia.eAniouK- "00O lflpomona S niofl3O~e ceqeu 4-35 mA2 npen~a~fa-
HIeshi qaIOTc% AARa aeKrpuLnKau ce.ibcxoro xosaIcrsa x fAK

Or~erUJ~eNHA O 0? n3AYWHha AHHNA K asoa U SAaHHR.
TlposOAa 6ombunx ce-emuh npwetign AR COOPY)erMS

9N d0AbWItX nepexoAos '4epe3 peKH H Apyrmet flpenatTCTBIIX,

lICO CTubMOl OANOPO3A0-111M 0 3; 3. 5; 4; 5 xx t a a3AYWHUX coel c HCGOtibuiumm marpym~uN

TIC 6 IMO iamuoloroflpoeoito~Hul 25-70 A4ffo Ike

~~ K-y: (1) . Brand. (2) . flsiynatica cf wire=. (3). Range of sactions,

MM 2 . (4). Field of applicaticn. (5). Copjker. (6). Fcr aerial networks

and -:lqctric power 1±nss. (7). Aluminum. (8). Fcr aerial networks and

electric powf'r linps tc 20 ky. 19). Stsel-aluxinua. (10). Then, wheon

is riquireid incraasad ieCAanical strength of wires (for large

flights/spans between attachamunt jkcints and fcr networks/grids in

areas with severe atmosfheric ccuditions). (11). Aluminum

corrosior.-r-sistant. ( ). For aerial ne~tworks and electric pcwer

A~
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lines to 10 kV for industrial dnd marinq coastal areas where is

cbserve] accelerated ccricsica c{ wires. (13). Steel-aluminum

corrosion-rgsistant. (14). Ihen, ween is required increased

mechanical strength of wires. 415). Compcsite steal-aluminum. (16).

wirss in the range of seczicns 4-35 mm2 arp irtend6d for

electrification of agricultura and for branchings frcm aerial lines

to sntrances. Heavy guage wires are applied fcr the construction of

large transitions/juncticns thrcugh the rivers and other

obstructions. (17). Steel sinjla-wira. (18). For aerial netwcrks with

light loads. (19). Steel szranued. (20). Then.

Pago 24.

For the large flights/sEans are a jlied the steel-aluminum wires

(Fig. 2-2), in which stee core serves for amplifying the mechanical

strength and aluminum snell is zbe conducting part of the wire.

wires aluminum and steal-aluminum arp made according to GOST

839-59, and steel - according to GCST 58C0-51 and 8053-56.

Brands, ranges of secticns and field of application of the

uninsulated wireis in the networks/rids to the nominal voltage to 10

kV are shown in Table 2-1.
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Fig. 2-2. Wire the uninsulared szeal-aluminum of brand AS.

Table 2-2. Diameters, weights and constructicn lengths of the

aluminum uninsulated wires.

Hoane e3.I VA opeN. . Ree xeTp. J AUa. A

16 5.1 44 4500
25 6.4 68 4000
35 7.5 95 4000
5o 9.0 136 3500
70 10,7 191 2500
95 12.4 257 2000

120 14.0 322 1500
150 15,8 407. 1250
185 17,5 503 1000
240 20.0 656 1000
300 22,4 817 1000
400 25.8 1087 800
500 29.1 1376 600
600 32.0 1658 500

Key: (1). Nominal secticn, amre. (2). Diamet-r, mm. (3). Weight 1 km

of wire, kg. (4). Structural length, m.

2-2. wires and cords adjusting isclated/insulated.

Adjusting insulated wires and cords serve for distributing
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electrical enerqy in the power and lighting plants with their

moti4onl~iss SCeparator inacors. Insuiated wires are applied also for

the senarator i-n tha open dir wita ths input unit into the buildings

and with the wiring on the external walls of building on the

insulators.*

* . Page4 25.

Black cables and cords serve also zor the feed cf ilectric mctors and

different industrial and everyday acvable electrical receivers.

on the voltage of wire are manufactured to 220, 380, 50C, 2000

and 3000 V of alternating current, and ccrds - on 220 V. Acccrdinq to

a number of current-conducting veins/strands cf wire are released

cne:-, tvio-, three-, four-dina mult3.ple ones, and th4 cords by

* predominantly twin-cored (Fig. _-3).
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a)

Fig. 2-3. Construction/desiyfl ol wires and ccrds. a) PRG; b)SH6R; C)

DPRG; d) PRShP; ~)TPRF aad AIEE.
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Paq-s 26-27.

Table 2-3. Brands of wizEs anu coras with rubbaer and polychlcrovinyl

ins ul1at ion.

PIap"a HANMCOU NGaa UPOMOA.U N UiHYPOS rcCSU BTY

L J Ycraooibe npoeoda u wnmypbi c pesumosa u3oAAi4uea c onAeaZ u3
*O0tOV.MUCTbUX AaeuA~OSO U 603 onATnu

AM! (-)flPONOA c amioimimesoi N(NAof C MaipUToBoR pC3HnioaoA H3OzRtneA 6e3 TYKE! 36-58

AIIP L)j rPOSAo c aAlloMHHHesott )HAaft a onaeTxe it3 xzAonIao6yua),ioa~ np~acit, cipo- rOCT 5352-52
UNTaNHOA npoTHflINHtI0CTIHbl3 CaCrasom

AIIPTO LI) rlposoa c amosHHeaork miof a onaeme H3 XAotIaaOyEaXHoA nPR)cl4. cpo- TYKn!37-58
rn4?a:moi~k-nPOTmoriiswoCTmbN cocramr. 3Ax flpox~aAKI 3 OCH0oaiioie a SJbm[X

MJP (W) fposoA c amroultHeaoA *eciviA a NOAJIIP8HHMIJIC8A o6ojiomxe O2HOM4CAb~bi TYKrI 2-59
AP 19JEnposoAi C VeMHtA~ AOA apuaTypitbaft 13 HenponHUarnoA onJaer1e H3 xinon'4aro- rOCT 1977-54

pyvaN(HoA flpA*HKII 0H0NCMb~bIA
APA (/d)rIPaaoa C meAHbIMII *uaCUMH apmarypothk a itenponT3HIttanio onAjex 113 Xjioa- rOCT 1977-54

RaTo6)yMa)KioA flPN)KiI ;1ayX7IcHJbbflIII
=Zpr /' [1908o2 c umbA~iNS )itj4aMH rit6itA a ofutel unnerve Hts zhU~arodymammoa rOCT 19T7-54

qpM)KH nponKHtoA npOTHaorHHJoCTHbM COCTa-SOM j1a XJ4(HJ.hM*
lIP (72 Elpoea c me.lIHob WNI~ictof a Oruierve it3 XJAoniaTo6yMa2KHoR rOpSMc, Ip0iiTaH- rOCT 1977-54

~npOT8OrHHJOCTHb23. COC'raBo.1, 0AH4Om1AbHithfk
flpF (/3IPOBOA C ae.HoA ucnioA rnik~t a onnerace U3 Xjzon4aro6yMavaaol flpxiCN, rOCT 1977-54

9pojlM3HHoR nIp0sorHHJInulCTHW cocrasouniFFA (/'MJ~oom c ucA~oA* 2XJoA T1I6XH* a WIAeIxe Nts ixioG'ar6yUa]KHAci (IIxcH, rOCT 1977-54
lqo~p bIT0A jaKOM

E!PiLL (15')lPOSUA C meMCMUI gI~amn ri.6Kit a senponxraiuo* oune xs xjroaqa~o6y- rocT 1977-4
WSZKol IlpXXX ASYZAXhIAM

FIPA080 C"'floo McAG )evuol gano a =*TK Ue S U 0s 1TGYMO zoaiytaoI 0p12 , UOPnoA p~ro OCT 1977-54
aaou

lIPTo 1/ji)nPOaOA c m4eAnbium mcuamu a onaexem usxIovq&adoyu~moA ripnRci. iiponit- BTY3 128&43
TIJIHoI flpoTMUorF0I.QCTHbIM COCUaSOh, AARl UIPOMJIAJC1 A ocOCH8OW U CT*albIId.

v6ax
I1PB (J IfPo9oA C MeAHoA *HOcitf A nOnIXAOPBuNHAuOBOA odonomace OAHOCHMA TYKE! 0-72-66

JimF flpoeoA MRitAui C MeCINOh jAuIIol a nwntzXlOPBHHHnIOA 060no'tiKe 0AHoW LmIbtuf TYKE! 0-72-66HimL (J)IPomog rNHft~r C Me1J~bIMII NCHJIU 5 UOOuAHXopBaHHnAOSA 0604'Ke ~Ayx- TYKE! o-,2-66
UIP (JOLUityp c mexihIi m-auit a menpolrNTSMRaof ocIieric U3 xonqarodyuaxwoft rOCT 1977-54

flPN2ICKt ISYX)KKMJb~hlfl
PKFM , 2fnpoeoA rHuKAct TONJIoCTORKHcA C MeiiIOA NcHnIoA C MAXIM1.HA 113 IKpeMHHil'opra- BTY M3fl OAA

ufiqeCaoA Pearnw a onriemie H3 cMUAooXo~a, *npouHTrUMoA KpeitxtIopraiui~ecxm 505. 027-53
JASXoM.oGAHw*11.1hHbIf

ATPr (J.SrPOWAu rPOCOIN~A C a o01UHareug *HuaMH a o6ono'ce H3 RAlpuarOSOA Pe3Hnb TYKr! 69-59

* ~4iif52. Ycaosaouia npoeoaa c peiumoeoa U3AoAaqUeae AterAAwWecrux
aurTbiZ o6oiowax

npn~ i n~~TpouoA c MeAHOA 2KI4AOA IIaHUIHPHhIA S 3aWHtTHOR oUJneTace t3 Cla.1bitoA OLL1HH- rOCT 1843-46
KOUINHOA npobOJ1oIC

TIPWiI ,t4')fpoeoA c meAHoiA *HctjoA naHuLIaPHbA a wU.arosoA o~ojtoqxe it oruielae 113 rocT 1843-46
CabbXOLLNIKO8aHitbix nPOSo.10x

1lP* UJ'JfposoA c meattoi AICI10A 6 rPY614arofl MeTaAJIjiieCXoft UM1I~OaaiiOA o6AoRoKe rOCT 1843-46
ATrIP* *)To me~ c amomomesoA ecuoA TYKE! 98-60
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Pacjns 28-29.

Continuation Table 2-3.

IP.YC)MaH0aoNWg nPO~oda C noAzzXAopSUU~Aoaoa uW0A~gUe

AFIB l rfpooA c amiosmnueaot *HAOR FOCT 6323-62
rIB ( nJfpoSAo C uewLoA A(AOOCT 6323-62

1118 IL5)poeoA c ru6KORI Me-IO K HA .uiOA rOCT 6323-62
nIFB J3nfposa~ fAocKHf, c memHu.H mcmJiamm c pa3AeMHTenbHbIu ocaomam~em rOCT 6323-62

AIS (3'V we e a rnmeabiwt *,., rOCT 6323-62
[1flC 3 posoA jL1OCHk c meaHb[StH N)Haamm 6e3 pa3IMHTCAbHoro ocHosaHHx rOCT 6323-62
Afnl 8 C JrTO WZ C a1o41mHeshzisi wi1amH rOCT 6323-62

Br SF I~' posoA c ru6dKOft mie.iAHi ,iAAR TYK 28 1-57
ILr 301posom c oco6o rH&IOai %leaHOft ACHAOR TYK 281-57

4. LJJ'ypu &:A 6esroabz xiexTponap~oe

LUBPO (VO9)WHYl~P c peirnHOSOA H30REEjei CKpyqeflHhlg C 3anoaageH~em a o~uaeA onjimre F'OCT 7399-55

1 3) xOnaTo6ymaX(Ho(I npsmm, AmLIemok jiUTxm, uaTypaJ~bnoro UKw HCKYCCThCHmoro
UIBPUI* /1lyp c pe3HHaoDA Ifmoquxeil CKpy'4eHHMAi c 3am~Ameimem . 9 navromoi puag- FOCT 7399455IHODOrI O60OIIoKeInB 14q.2JHiYP : aymx napaianeAbHO yJIGXceHrnIM XecA&UN B OftelA IUOARLXHH M3 FOCT 7399-55

(4O MV) 9OAXXL1Op8HfiI.1o9oro n~faCTHxaTa
U.IOH W%)WUHtyp C H30AnqUaeA H3 x~nontiarodymaxc~oI npXW1 M8YXXAbA~u C napUJ- FOCT 7M9-55

LLIUpo FJe~hIIo YiOaeH~bINt iKJaamH a odatek OnAeTKG H3 XA00RaTOdYM&NCMOA 11PXWK1,
4outeHOH MHTKH, HaTypaJlbHoro HAMH HCKYCCTDXH~orO IWeJKa

WIBBLLI H,%)Layp C MeAuRbIN )KKIaKX C uWtaopSHNNAoaoR 04Utoire CtpyaeHwbaI I nO- TYK 271.57.
KxftopauMMJAo8Of odoAo'awe

S. flpuaoda u ica6eAu c aamommuebamu xuamu dIR mpeuayu4IBewmoao

npAeXMUaA 8cCAOCI.0A XOIAIZCB
ABBr l/95Ka~ejii C IIOJIIIHHHALIOpIUUHOA HSOflRWjefI a nOJUDmHmAxxopvAJIoA aooaoqe FOCT 11160-65
ABrir r,,'T 'cecOABIJCOOL 3nLHf rOCT 11160-65

AFIFip 9)poo c pe3HHOso9IOA WOJ~eh zan npaxcJaAxm no AepeasH~uIX cosiiaaumnt TY 017-31-63
AC&-I 6r~jKadeAb camonlcyAHfi CO CTaJ~bumblM c O cO C naae M3OIRl camyc~oajcoro TY 0 17-32-63

~~naTH a. Tpoc iovnym~er yciI4Ime 230 ~T 1-26
ACB-2 (T3om.Ycawie 650 xI Y01-26

K-y: (1) . Brand1. (2) . Designaticn cf wires and cords. (3) . or. (4).

1. Black cabl-gs anI coras 1vitn2 rubber insulation with braid/ccverj from fibrous matqrials andI wi.zacut braid/cover. (5) .wire with
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aluminum vein/strand with neoprene rubber insulation without

braid/cover. (6). Wire wach aluminum vein/strand in braid/cover frcu

cotton thr.ad, saturatpd oith s zervative ccmposition. (7). Wire

with aliminum vtin/strana in traid/cover frcm cctton thread,

saturated with imputrescinle coaposition, fcr separator in essence in

ste_l tubes. (8) . Wire with aluaanum vein/strand in polychlorovinyl

shell single-cable. (9). Wire with copper vein/strand reinforcing in

unimprAnat-I braid/cover Zzcr cotzon thread single-cable. (10). Wire

with ccppt-r veins/strands reiarcrcing in unimpregnated braid/cover

frcm cotton thread twin-cored. (11). Wire with copper veins/strands

flexible in general/coamcn/totdl braid/ccvzr frcm cotton thread,

saturated with inputrsciDke ccmposition twin-cored. (12). Wire with

coppr v-in/strand in trala/cover trom cottcn thread, saturated with

imputrescible compositicr, single-cable. (13). Wire with copper

vein/strand flexible in kraid/ccver from cottcn thread, saturated

with io|utresciblp comr.csizicn. 414). Wir with ccpper voin/strand

flexible in braid/cover frcm cottcn thread, ccvered with varnish.

(15). Wire with copper veins/stzands flexible in unimpregnated

braid/cover from cotton thread tw.n-cored. (16). Wire with ccpper

vein/strand in braid/ccVer frcm cotton thread, covered with varnish.

(17). Wire with copper veins/strands in braid/cover of their cotton

* thtead, saturated with imputresciDle composition, for separator in

-ss-ncp in stegl tubes. (18). wire with ceppqr vein/strand in

polychlorovinyl shsll sirjle-carie. (19). Wire flexible with copper

Ar
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vein/strand in polychlcrcvinyl shell single,-cable. (20). Wire

flexibla with coppar v.eins/strands in polychlcrovinyl shell

twin-cored. (21). Cord with ccpier veins/stiards in unimpregnated

braid/cover from cotton thread twin-cored. (22). Wire flexible

heat-resistant with copper vein/strand with insulation from siliccn

rubber in braid/cover from £izeiglass, saturated with silicon

varnish, single-cable. (23). iire cable with aluminum veins/strands

in shell from neoprene ruuoer. (24). 2. Adjusting rubber-covered

wires in metal shielding snelis. (25). Wire with copper vein/strand

armored in shielding braid/ccvar ircm steel zinc-coated wire. (26).

Wire with coppir vsin/szand armored in hose shell and braid/cover

from steel zinc-coated bires. (i7). Wire with ccpper vein/strand in

tubular metal folded s ell. (4-8). Then with aluminum vein/strand.

(29). 3. Black cablis witn pclychlcrovinyl insulaticn. (30). Wire

with aluminum vain/strarc. (31). Wire with ccpper vein/strand. (32).

Wire with flexible ccpper vein/strand. (33). Wire flat/plane with

copp;er veins/strands with sepazating foundaticn. (34). Then with

aluminum veins/strands. (35). Wire flat/plare with ccpper

veins/strands without separating tcundation. (36). Then with aluminum

voins/strands. (37). Wire with tlexible copper vein/strand. (38).

Wire with especially flrxiDle ccjj~er veir/strand. (39). 4. Cords for

domestic electric appliancas. (4C). Cord with rubber insulation

Iwisted with filling in y.nzral/common/tctal traid/cover from cottcn

thread, glossy filament, natural cr artificial silk. (41). Cord with
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rubbar insulation twisted wita tilling in hcse rubber shell. (42).

Cord with two in parallel by packed veins/strands in overall

insulation from polychlcrovinyl ilastic material. (43). Cord with

insulaticn from cottcn thread tbin-cored with in parallel packed

vains/strands in ganeral/ccmcf/total braid/ccvsr from cotton thread,

glossy filament, natural cz aztti±cial silk. (44). and. (45) . Cord

with copper veins/strands wita polychlorcvinyl insulation twisted in

Folychlorcvinyl shall. (46). 5. iltes and catles with aluminum

veins/strands for preferred use/ajlication ir agriculture. (47).

Cable with polyvinyl cIlcride axsulation in pclyvinyl chloride shell.

(48). Thi same, with oclay-hylere insulation. (49). Bubber-ccvered

wire for separator on %ccden ioundations. (50). Cable, which is

self-supporting with steel cable with insulaticn from lightprcof

plastic material. Cable allows/assumes effort/fcrca 230 kgf. (51).

The same. Effort/forca b50 kyf.

LI
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Page 30.

* Table 2-L4. The ranges of the secticns of wires and cords in depending

cri a numbir of strands ard vciicage.

(/J (J (~) flANRU~aN C*'4tftK 3KU. MJ
8

. UPN WMHVNNJbMOMd MUIIPSAUMU.
MAPKa upMeo a WHYPa qutCAo MIA 22 38 2000 3000

1. Ilposoda a £maypu c pesamosoa ujoAixqudd
AflH 1 2.5-6--
AOH 2.3 -- 2.5-4--
AflP 1 2.5-400 --

AflpTo I -- 2.5-400 2.5-400 -

AflPTO 2, 3, 4 -2.5-120 2.5-120 -

ArlPB 1 -2.5-6 --

AP 1 0.5 w0.75 - ---

API! 2 0. 0.- -

nPr 2 -0.5-O-0

flpJa 2 -0.5-6 ---

lip. ipr I -- 0,75-400 - 1.-185
nril I - - 0,75-70-
flPJ I - - 0.75-6 --

IiPTO I - - 1-500 1 -Soo
IiPTO 2. 3. 4 - - 1-120 1-120-
rIPS I - - 0.75-6 --

nrBrI - - . 0.75-6 --

rIPBIA 2 - 0."- ---

WIP 2 0.5-1,5 ----

PKrM I - 0,75-95 6

&).17 pooda c paeautosaoa uioALued d .AimaAAwecxod Iauiumwd o6040.ac

T1po 1, 2, 3.4 1 2 5-40
A~np( 2, 3 2.-

3. Ycma,.oomm posoda c nomAopew.40c USOARL4UEII
no, nor 1 0.7 5-95 --

IfliB. rfIrBC 2.,3 -- I 0,75-4~2 ..

*Annfl. AITTOc 2.,3 -- 2.5-6 --

Yor I i-1,-25 - --

YBOF 1,5-6 --

Notes: 1. A number cf strards and the sections cf coupling

cabl~s for the icmestic electlic appliances were shown in Table 2-6.
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2. ?our-strand wires of models PRTO and APRTO, and also

twin-cored and thrae-strand wires cf models PFP, PRShP and TPRF are

manufactured with zero cr that grounding with veins/strands whose

sections are shown in Takle 2-5.
/

Key: (1). Brani of wire and cord. (2). Number of strands. (3). Ranges

of sections of strands, zm2, with Ecminal vcltage, V. (4). 1. Wires

and cords with rubber insulatior. (5). and. (6). 2. Rubber-ccvered

wires in metal shielding shall. (7). 3. Black cables with

polychlorovinyl insulaticn.

I



DOC = 30040302 PAGE

Page 31.

Table 2-5. Sections of the zeic Cyrounding) vein/strand of the wires

cf mo4els PRTO, APRTC, EE, iSbP and TPBF.

Ceqene ocoBUa, (4amamz) am ,A S . . 1; 1.5 2,5 4 6 10; 16 25. 35 50 70 95

O~2Cemmge mynenof (3maummouel*) am-
im. Aa1 . . . . . . . . . . . . . . . . .  . . 1 1.5 2.5 4 6 10 16 35

K.y: (1). The s-ction ci bases Iphase) of strands, *M2. (2). Section

of ze4ro (grounding) vsIn/sx-rand, Mj12.

i]

A
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Pagp. 32.

Tabl!1-- 2-6. R-Tcommcnd.2 trands or wires and ccrds.

HlP.S0 ArnP.500. *OMIblll CRAOSMOd C9tE aHYTP. CYINS U Oil- 1113.10NUVhX Tpy6Kaz. H
IIPB400 AflPB-500 puix noaiezernk tA sue sAaHHAt, a nomcapoonacuu~x nouc- P0AMiuXa. M30NmiPSX I UML

*uteQmUSx, ma 3?PURNUX iRmZ' UpH Hanpa)KeatISX AO nO UaAJ[wqeclc-e it 6eTrowgIM
500 6 nepCeamoro mi 1 000 e nocromuoro Toxa noaepxHoctSM C nPOrncAaAKR oi IA

aposom camOIppou&I maepnza-

0.~3000 1- OcagefiblilbC It CHJIC~bIe CCin s*HI llomeuxeHHA N (9) B CT8J~bUX ?py6ax. Me~a.1-
BUO 3AarnIA (C Huny.mICHMN nepetianpanceNHIuN) n1Pa Ha- lUqe=Xn pyiaa, Hta H3ATo-
upmum Aci 3 000 a nepemernnoro iou Paz

& .nprn (.0 BTopuqaRHie ueniu, puJeAmbie UtHThZ H ny~lbTi, pacnpe .)OTI(Puro no TlaueA*u K cxpu-
AAIuMbbie IliuThl H U1xa(ob nPH HanPlienaill AO S50 TO S KOP068X
Dep*MtNIoro it 1 000 e ilocToRNaore TOKA; flpFJ ynoT-
Pe~amensa c CJyqIas, xorAa 1peyetc nIGtoc~b flposouh________

ripr.soo. (/ J Coejwuemme IIOAOHZKHbI qacreft 310KxTpm4'IcxHx m qraniexxpyaa

npr-soo WaN, aaiapaTOO nPH6oPOa3 DHyl'Pu m sHe 3AaHHA, no
CTaIIKaM AC 5 aO nepeme'Horo it I 000 a nlc-ogii-

riprtmoo (,?ro1 To za nocTORmioro Himl nepeillaom T 6a o3 W O K
ris ~JOCmeThlTeubme H mcaaue cenit 8Hy-rPH Ia tI~lf //.jB ua6XH PC. HKaX. H30-
AflB Cyxmx. Chiphix. oco~o cbipbfx. c fl3aHimm VHHallpalbX airTopaX acI KnIX, Ito &iera.vIHI-

KHCJOT H 1utcaotief) ripa TestinepaType OKPY)Ka§OLmeff cpeabi qeCzcnu if 6eToHauit nosepxmo-
He obiu +40 C. oceTIITe~lbI WarMb, nycKO~hIC RUIRKII. CTRu C 41P0K.1aAKoA floa fpoac-
3aKpblThWe iKa4)u act 500 a nepemIemHoro if 1 000 a no- .a oumpyouiax uareptaoa'.

TOMHl~oro Taia a. JAR 5ToPltHbHX iteneil
nrB 61JOCUTHTCJnblliHU UcHAmouwe cet, sTOpHqHme uenH CraH- e/J PY6aX It MeTaaAJIqecKH

Kos at aHH3AuaroB *UPH Haaatiff AMaceA i SUyflbCKH 20 pyxaaaz
N.a nepexeantaro ToKa H I O00 a noc'mouaaoroi 'roicaflpa (It) OCaerwrejmawe CeTH a cyxkax a orannaaaeawx nome. h-I pouHaca

IIPBA iLeaaaz6/
IIPTo-50 w ~ OcseTalTeubabae x CHMO~bt CeTII 80 113PUDOOBIaCHbUi 7"JB CThAbHbtX TPYGAi a eraAl-
AflPTO-500 nomeJmeax; nposo~a n&IapmnFIHTO -TamKn~o ticaapii- i1N'WCcHxm PYicamax

pyolOumm noaepxHocTAu awaa. arperarm v tcpaaom
* a CaylauX, Kcomn BCKpbiie rPY6onPomoi01am peACTam.1NleT

6o1bMWa TPYAHOCTH (aianpmmep. npoicaacA rPY6 [101
XYAOJCCTSCJINio OA 6IUIKOCCA), a ?aKXKe '30 StOP~tqHbIX

IZ X AO 500 a nepetweHnoro H I 000 a noCToarnroro roxa l0WflPTO-200 VA)OcareTnbible a cmvioswe CeTIS, BropaqUnwe LIMa Tou
AIIPTO-2=0 (c uanyAhCmtbium nepeuattpuameutu) Aci 2000 e. nepe-

maoro roaa
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Pages 33-34.

Continuation Table 2-6.

flpfl '3305CS*T KTrubVU Us CwNAOSW CemN sropu'aue non, ~XMO C 3apfA~
CrauKo 2 MGXaHHSMUin aipH R&At'auM AtrscXz Me6Xaqe- Cxo6Ea&UH
CXK MAoseMNnf HA npoaOA It OTCYrcrmrni 503AeACTUA~f
-nit npjOSOZ Maw. 54 smyAbc~m Ao 5W0 a nepemONVorO R

nPur F. 09O0 a .ocTORnoRHOC a04-j OCueTwrern~be m4 cunoabie ceim, s~opwisHie aenu idoc- TO W
ToomihX KpanoI. 3KcKasaropoa. stamm m4 uexammamos npu1
RaA1IqHKt MeXaHI44ec)KH 503I.tCTSHA4 Ha lPOBOA 14 OTcYT-
CTSUM 3 AoeAcrtfA macv, SUYAbcIA It T. n. AzO 500 & sic-
,pmelfloro 14 1 000 a nocrorumoro Toxa 'TI1P4*, ATflP4 J4)OCbeTHTe~bHuie it mi~osbie cer a cyxmx nosteImeNtnx O&T~cpM7o C 3a~penteHl~eM

nDN maI1l4fl4I jieriu hexaHH'IOCKHX 8O3AmeC[CTSHA Ha npo- caco6xamH
sAo (asanpHwsep, nposao.mi 8 IecTHH4HbIX Kaeaxi. a Ta8K-
wKe a Tex C.'iyqaX. KOr~ta OTKPbtryio npBoAK~Y no0 apXiWle(
TYPahaM C0O6Pa4CCI414l B*nO.lIRIOT HemaermoA (xcaydbi.
XHHO. TtSTP&I, StY3@4 Hs T. n.) Ao 500 @ flepaeHoro it
1 000 * nocragsmusOF Toxa4)

* AP APA t.7'))3apax ocUCTlHTetbHbIX apMaTVP a cyxux nohuese- BasYTPu H nonepx OC~eThsTea.-
,iN Opi nIfpnHKeHHms Ao 220 a ue14cnv *IHjUMII a B OMa Hb.X apmsaTyp. xpoise CCT(I.lb~tf-

*C. y'ae, ecA14 o pO oo flisAO e rpe6yeTca r14dKocTm KOD C .1IOUlHCtLelITHkaNII .1a.U-

% -3aPAAKa ocsem-reibsuX ap.UaTV'p aHe HZIH BY~tp OCUTem IH1ort apmua-
a chaphm iomeeCHtmx spis HanpstaceHkHl mo 220 ea3 TOM Typbi. KIXIte CSCTII.lbII(O8 C
cA male. ecim npaBO~a IO4rINCHW od~ia~am rsidKocmIO *IIoMIIIWecLeUHbmH .aia.uii

LUP 1713 flpscoeamumeme IloAsmbllhix 3.aeKTpoflpICmlllKoe a cy- .TKpMITO
luxN nomeItelwni xc ceTRmi c Homuaabheam Hanpawemsem

_______ _ mCmAy mm4itamN io 220 a T

PKrC 03)BaMOAM 3.ReKTPOA8raTeieAc noiTObiweHHOR Temnepa. ( T~A~pbaTo a Tpy6ax. aS ma
rypol. npOKflaA1Ku 5 YC~anosucim TPe6Yf0xuHX Tefn.1OCToA. nws&eCcsu pylcamaX
KocTm Ao 180*C a cem c HOMR~IHbaa HanPaLCeHsem
AO 380 0

AMb 6VOcSOTmTeAbhUS CeTH w4 ceTU meJiKmx clIJoomhx Harpy. OKuT
-jol (Ao I icar) 8 CYXHX it ChiPhIX nomeemRnsx no cTeuam u r~b~
V4 UOTOAiXaU & CeTX C lIOMNc1aJUbHUM HaripR2eeM AO
380 #

L"5 5 eTMebffMe CeT14 allyTpm Iloueweien 13o CYNaM x Tp hO 14apar nn r
flfB. AnnI no~rm a cyxax u4 cupuix nouemeswnx xalYPKOA NRaN *cTpomTe.IbHbIX

KomcrpyCuNxx)

Yar. YaOr -B OJeabux Ycackunz J4~ncuposamau poKa
IUBPOZ
2X0,5 ms nq'JwA RopoXcNx yToro., maAIIWumCmix rpeitoi w 4K

2X0.75 mAL# h yrorom

2X I a M3AUa Ymfos ok m 600 or-
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Page 35.

Continuation Table 2-6.

3X0,75 MIS 3  (4v teRnPeMOCH1MX sJzeacrPOnlPn6OPOm 5 Y~taix Tpe
6YoDUNZ aewpe~sus 3AlelrPonpu~opa

WflPO: u4S)~qIacToam~ux iaun, BeHJTHAopos, c(I0epHqea~xx
2X0.5 xAua 0TPAXkaTeneA, renesuaopoa, MCANMUCCIX pe~J~eKTOPOB

2)<0.75 Am" NO R1AN ICTO.Ib1HblX AaUN, nNITOK, qaA14KKOu, K0eAHu-
Kos. XaC'?PIO.1b, Y~A.HH1Tejiefl. Tre.Nsopoe It TpaHc4)OPMa-
TOPOD K dbiTOBbI flPHdOp96

Ij.BPWI: V9fj X OAO.MJIb~HIIKOS. nlb[ecocou, 3J~eKTPOflOJOTepon,
2X0,75 mul CTUPaAhHhIX %aLLIHH H4 YAnlHHHTejie

2X1 xA2m &1931U UIUNTOK ceLwCu 600 or
3X0.75 Ams '/9

3
fA. X04AIOU1KOS, nujiecocom. s.leKTponwo.ITepoU. -

CHP8AnbJhX MaLLHN H YAJ1H14enef B YCIOZHSIX, rpe6yio-
UtHX 3a3CeH4 anKTponpuI6Opa

3XI am's (YoG.fln nArrOc cahmlie 600 er s ycJIosHUx. TpeYiotuIxz
3aaeMJIetnIN

ulfTB:
2X0,35 MJSI 11yIj AU9 SOHeHTCKHx rpoM~KoroUopnerM@A 14 .e1KtPO 6PflT3
2X0,5 AiAO. paln~ Pa,onPtie%1H1nuKOO, TeileaSS1opoB, paxiorpamma.

(00109. 3.4eKcrPOfpoHrpbB4TejteA 14 mbarHHTo(01403
2X0.75 mms a~j To Wce

WHO 2X0.35 x;&* K OJLAas a6OaeiaTCxmx rpoaiKorouOPINTeeA

LUBBLU 3X0,35 Ams p'1jK &ueclPuqecxmm unWHnsam £111 CrPHR(KI SOAOCr K-v: (1) . Re-comme:ndqd hiands cz wires. (2) . Fundamental field of

application. (3) . Methcd of sekjarator. (4) . Lighting and power

* n-9tworks/grids of inside dry and damp/crude iccations and out of

* buildings, in flammatle lccaticre, in sacendary circuits with

voltages to 500 V of variable/alternating *and 1000 V of direct

curreint. (5). In insulatirig tunes, on rollers, insulators and cleats,

over metallic and concrete surtaces with sefatatcr fox wires of

i. nsulating mat'Arials. (f). Lijnti.ng and power networks/grids indoors
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and out of buildings (with julse cvervoltages) with voltaga to 3000 V

of alternating current. (7). In steel tubes, metallic hoses/pipes, on

insulators. (8). Seccndary circuits, relay parsIs and panels,

distributing fram s and caoinets with vcltage tc 500 V of

variable/alternating and 1OCO V ct direct current: PRGL are used in

cases when is r-guirqd ±lexibility of wire. 49) . It is opened on

panels and it is hidder in aucts. (10). Connection cf moving elements

cf electric machines, a laratuses and instruments inside and out of

buildings, on machine tocis tc 500 V of variaLle/alternating and 1000

V of direct current. (11). Ir metallic hcses/;ipes. (12). The same,

of direct or alternatinc current tc 3000 V. (13). The same. (14).

Lighting and power networks/grids indoors (dry, damp/crude, very dry,

with vapors of mineral acids and alkalies) at ambient temperature not

are higher than +40oC, lighting janels, starting/launching cabinets,

closed cabinets to 500 V oi variabie/alt-rnating and 1000 V cf direct

currint, also, for soccndary cizcults. (15). In tubes, on rollers,

insulators and cleats, cver metallic and concrete surfaces with

szparator for wires of insulating materials. (16). Lighting ard power

networks/grids, secondary circuits of machine tcols and mechanisms in

presenci of oils and erulsicn tc 500 V of alternating current and

1000 V of direct current. (17). In tubes and metallic hcses/Eipes.

(18). Lighting systams in dry and teated locaticns. (19). On rollers.
UI

(20). Lighting and pcwcr netwcrks/yrids in dargerously axplosive

locations; wire of model PSIO - also over jarring surfaces of
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machines, aggriqates/unitz and taps/cranes in cases when opening of

conduits/manifolds preserts gzeat difficulties (for example, tubing

under artistic casing), and also in seccndary circuits to 500 V of

var~able/altirnating and 1000 V of direct current. (21). In steel

tubes and metallic hcses/i.ies. (.2). Lighting ard power

networks/grids, secondary circuits (with pulse cvervoltages) to 2000

V of alternating current. (-3). Lighting and power networks/grids,

secondary circuits of iacaine tccls and mechanisms in presence of

light michanical effec4 s on wire and absence cf effects on wire of

oils ani emulsion to 500 V of varidble/alternating and 1000 V of

direct current. (24). It is cFened with attachment by brackets. (25).

Lighting and power netbczxs/gzids, secondary circuits of bridce

cranes, excavators, Eachines and mechanisms in presence of mechanical

effects on wire and absence cf effects of oils, emulsions and the

like to 500 V of variale/alterrazing and 1CC V of direct current.

(26). Lichting and pcwer nertwcrs/Srids in dry lccaticns in presence

of light mechanical effects cn wire (for example, wiring in

staircases), and alsc vnea open wiring for architectural reasons is

fulfillid by imperceptitle (cicuds/clubs/puffs, cinema, theaters,

museums, etc.) to 500 V of variable/alternating and 1000 V of direct

curr-3nt. (27). Charging of fittangs in iry locations wit.: voltage to

220 V bqtween veins/strards in suct a case, when of wires it is not

*required for flexibilit). (28). within and above fittings, besides

illuminating laips with fluor~scent lamps. (2S). Charging of fittings
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out of buildings and in ddmp/crude locations with voltage to 220 V in

such a case, when wiras must possess flexibility. (30). Within

fittings, besides illuiratin lamis with flucrescent lamps. (31).

Connection of movable electrical receivers in dry locations to

networks/grids with nominal vc.Lraqi batween veins/strands to 220 V.

(32). It is opqned. (33). conclusicn/output of electric motors with

elevated temperature, sejaraor in installaticns, requiring heat

risistancs to 180 0 C in nitwcxs/gzids with ncuinal voltage tc 380 V.

(34). It is opcend in tutes, in metallic hoses/pipes. (35). Lighting

systems and networks/grids oi fine/small power lcads (to 1 kW) in dry

and damn/crude locatiors ca walls and ciilings in networks/grids with

nominal voltage to 380 V. (3E). Liyhting systems indoors on walls and

ceilings in dry and dam,/cruda locations. (37). It is opened and it

is hidden (unler piasteriny cr in structures) . (38). It is hidden

under plastering or in structures. (39). Under field ccnditicns.

(40). Fixeid/recorded sc-arator. (41). For road irons, medical haatr.rs

and electric soldering ircns. (42). For irons. (43). For irons it is

more than 600 W. (44). Fcr movatle electric appliances under

conditions, which require grounding of Rlectric appliance. (45). Fcr

table lamps, fans, spherical reflectors, televisicn sets, medical

reflectors. (46). For tahle lamks, blocks, teapots, coffee pots,

cockirs, 4xt:ndcrs, television sets and transfcrmers to househcld

devices. (47). For ccoleis, vacuum cleaners, electric polishers,

washing machines and extenders. (48). For blocks it is more than 600

'A
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W. (49) . Fcr coolers, vacuum cleanars, electric Folishrs, washing

machines and extenders urde, ctnditions, which require grounding of

*I:ctri: acpplianc. (5C). kcr l1cc~s it is scre than 600 W under

conditiors, which r;.quize jzcuzdinj. (51). For user loudspeakers and

;lectric razors. (52). Fcr radio r;ceivars, television sets,

rad-io-phcncgraDhs, electric reccxd play.rs and magn-etic reccrders.

(53). For usr loudspeaxeZs. (54). To electrical typewriters/machines

for hair-cutting of hair.

i I
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Pag, 36.

TabD: 2-7. Sellction of tab~ auzacu of wiring in th-a lighting systems

in d%?pinding cn th-4 cordir..cns c~f wedium.

~Aa noco ~ ~ Xapez,,

flpco~a po~uaua ) -

. r-

coaum8Ty--(t - -

Hxropile~mLm KcOH- AflP, AflPB. To *e )4CI X X X# X'
CTPYKUH51'd it rno- Ano T

JimpywtUJNx Onopnx AnP nB. f wwoa

rO.i1aeLaA 'To jie Q - (X X
(P 1rKPWiTwe cTPYH- ATPr. ACB flepKIcAuchIeF + + + x<

lie Hi Tpocosbie
AsRr. AI1Br. nlo crpyHe eas x + + X'
AfHpr. ABPr,
ACpr

Aflp. Am1P. +i +pc

_________ 58, ABBB TO 1e1~

~OpbTbie Hcrio- AnnB. Aripro, B Binfln.ac-ro- ++++ +
Cpe,1CTse1IHO no He' AI1PB. ARp (AhIX Tpy6ax
cropaeim a TpyJA- --

Hocropoembm KcOH- AflP, AflPS, B 6yanao-me- + + + --

*C1PYKWIRm a no. qnB 0jum1weCeiiX
flepZcrSM Tpye~aX

AniB. AflPTO In CTqb.bIX
DOAOra3OfnpOBOA.

IlbiX 06bl1c-

to MR. AIIPTOa M1ifJbiI'IX - + + + +
AiIPB. Aflp Vao.orowonpo-;

9OjRU1WX TOHICO-
MNrHWbX TpydaX

*AflB. AnPTO, cTl.1b4bcX + + --

ArIPB, Anp 3a~cTpocufpmbx
TPY~aX
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Page 37.

Continuation Tabl, 2-7.

nociuovaciu Riauemeacni'

L 
CL

x x I IG x +
+l- + ~ h flf.1.1 -I 51 .6BjrBI -lI ~~X ---

T +

x------------

-XX.-------------------------

XXXX 
X-------------0
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continuation Table 2-7.

Or~cpumn'wieno- AflB. Aflp. B xopoilai m + + -

cpeatneeto nlo He- All PRma
CrOpaeVbaM R TPYA* -

Hoctolpa~umIM Kcii ABfir. AtIer. H3 cxo6oi x )( + + X
crpygwmw R no- IAI-Pr. ABPr. 1?1
SePXiiOeruu ACpr

ATflPp To e 2! + -+ -

AInfl. AflH. 17pruirexsIum- + )( X X_

8 5 . A E 5 8 
C O a

0rpumie rio fll fPBZX H-a PoIHKix + + ---

cropaeumn xomcT- 7 C +

pyRUPHUm x nosepx- AflP. AIIPOK To Ke X ++ ,

NoCTUm AE1B

AMiP AflPB, H-a mio aaopax -++ ++
ArIB (J

ATrfPP HaKo6axg + +

To);AflfB. Anti Hap~t~x + + + X3 Xv

AnnhP HsI cxo6x'e + + + -

9%pMlTbie a mie- AflP. ArlPB. B dy ~O-fwe- + + + --

cropieMbil ciemax, AFIB TNaHimmCKIM
t~epeKpbITMXX H NOR- TPYG.IX
Crpyxujwx

Ar'1S. ArIPTO. 8 Bmuftut77lo + + + + +
ArlPB. AflP Shix Himnow

AOP. ArIB, pC31stno61- + ++ --

AIIPB ryviwa Tpy6alr..
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Cont 4-nuation Tabli 2-7.

_+ ... . .... ... r ' * F I _ ____

I

+ x + + + + - +" ' -- +

+ + +,. +,. - - - x -

- +"- 7-7

x x

a+
'-=F
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Page 40.

Continuation TablR 2-7.

* Cxpamae a mee-, ArB, AflPTO B craubuhx ml.
cropaecuxs cmCax, ~ AOra3OnpOSOA-
IneptKpUnHSX N~ ROWe HUI 061KH0-

cTpyxujNxx seNNUx ipy6az

TweAniB, AFIPTO. oe3 O + ++
AflPB xociremUx so-

Aora3olPOOA-
HIuX rfpydSX

To xcc a wtm-- ++ --

AflfBC. AnH d3SMKftyTIKa. + )( + + 7
AflB sa.iaz crpo-

HTfib~bIX KOH-

CYRyNWANfOA

AI, I
cTpoxTe.ibNoA
xoHcNTpyH"Ru

IL A t
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+++++ + + -+4

+ + +- +

7F-~~ ~ I . - 1 x

* Ksy: (1). Characteristics ot locations'.

FOOTNOTE 1. + - it is recommended; x - is allcwed/assumed; -- is

- forbiddan or us's/application inexpediently. IIDFOOTNOTE.

(2) . Wiring. (3) . Wiris 2
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FOOTIOTE 2. Cables and wires bith the polychlorcvinyl or polyvinyl

chloride insulaticn and tha shell (APV; APRV; AVRG; AVVG, etc.) apply

instead of wires and india-rutber cables with the medium, agressive

with raspect to rubber (with tne kcssibility cf thi effect of cils,

qmulsion), in the damp/crude and especially damp/crude locations, and

also with the chemicall) active medium. In the external wirings are

applied the rubber-cevezcd uizes (APB) ; the cables cf brands AVRG,

AVVG it is nacessary tc protect ircm the straight/direct solar

rays/beams. ENDFCOTNOTE.

(4). Method of saparatc:. (5). try normal. (6). flammable. (7).

rangerously Pxplosive. 48). Aduanistrative and everyday. (9).

Production. (10) . Humid. (11). Dami/crude. (12). EsFecially

damp/crude. (13). Dusty. (14). Eot. (15). With chemically active

medium. (16). External iarings. (11). Garrets. (18). Opened by

incombustible and nonflammatle ccnstructions/designs and over

surfaces on insulating supports. (19). On rcllzrs. (20). Then. (21).

On insulators. (22). Bare. (23). Ojen string and cable. (24).

Reversing. (25). On drcp. (26). On cable. (27). Cpened it is direct

by incombustible and nctflaamaNle ccnstructicf.s/designs and cver

surfaces. (28). In PVC Elastic tubes. (29). In paper- metallic tubes.

(30). In steel watar-gas conducting usual tubes. (31). In steel

,I
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water-gas conducting thir-walled tubes. (32). In steel electric

w-Ilding tubes. (33). Opened it is direct by inccmbustible and

nonflammabl=, constructicrs/designs and over surfaces. (34). In ducts

and chutes/trays. (35). Ca clamps. (36). By glueing or on nails.

(37). Op-ned by combustitla ccnstructions/Asigns and over surfaces.

(38). Hidden in incomhustiole walls, cverla r- and

constructions/designs. (39). in polyvinyl chlcride or polyethylene

tubes. (40). In rubber-titusen zutes. (41). Then in thin-walled

water-gas conducting tubes. (42). Theia in electric welding tubgs.

(43). In locked channels of structures and under plastering. (44). By

method of monolithizaticn in structure.

?OOTNOT9 3. Is allowed/assumed separator on the rollers for the

damp/crude places.

* . It is allowed/assuaed in places, shielded from direct

inc~ience/impingament cf residues/settlings, cn rcllers - for

lamp/cruda placEs.

S. Is permitt-d aparator on rollers cnly fcr non-industrial

of buildings at hqight/altitude of separatcr not less than 2.5 m, but

on insulators - for any tuildings.

II ii m l -' r = -_ ',F
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6. Wir-s must te distant trom places of accumulation of

fu-ls and unavailable fcz mecaanical effects.

7. Is rqcommznnded wiza c! modal ASV for entrances in rural

locality.

o Is allowd/assumed during use/applicaticn of drcF or dew

from mat.rials, immune tc corrosion.

9. Separator can be fulfilled in the absence of possibility

cf meichanical and chemical effcts.

10. It is allowed/assumed in thi absence of the dust, which

* forms with tha moisture ct thd connections, which destroy thcse

operating on metallic stell.

,1o Is permitteo searatcr for the lccaticns in the rural

localities.

,2. For the locations of tae classes I-I and VIa it is

applied wire and cables witn the ccpper veins/strands.

A!
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Notes: 1. The tschnical xicor- airtight tuildings are ones

without skylights are ccnsidered as the Ercducticn locations (but not

garrIts).

2. For concealed wiring in dry and humid locations is

allowed/assumed separatcz of thin-walled electric welding tutes under

condition of connection hy rheaz clutches on knurl thread.

13. Table is bcrrowad irom (23]. ENEFCPCNOTE.

Page 42.

The current-carrying veins/strands of wires single-wire and stranded

(flaxibl=) ar .. manufactured frcu tne round ccper or aluminum wire.

The wire insulaticn dna cords is manufactured from rubber or

polychlorovinyl plastic gaterial. As the shielding deposit of wires

and cords %ith the rubker insulaticn serves tte braid/cover from

fibrous matqrials, saturated cr not saturated with imputrescitle

composition. Wires and ccrds bita the polychlcrcvinyl insulation, as

a rule, are manufactured without the shielding deposits.

The enumeration of tae bra.ds of wires and cords with the rubber

and pclychlorovinyl insulazicn is given in Taklis 2-3, and the ranges
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of sections v 2-4.

When selecting cf the ranads cf wires and cords should be been

quid 4d by designation/Fuzpose tbeir, operating voltage and

=_nvironmntal conditicrg.

Table 2-6 gives reccmmendaticns by choice cf wires and cords

with th4 rubber and polycaiozcviayl insulaticn.

Table 2-7 gives reccmmendations by choice of the method of

separator for the lighting systems.

2-3. Power cables.

Power cables are intended tcr transmission and distributing

electrical energy under tne most diverse conditions of separator (in

the earth/ground, under water, an the open air and indoors).

The curr-nt-conductiny veins/strands of power cables are

manufactured from alumirum or 6iectrolytic ccpper. The sections of

the aluminum and copper cuzrent-ccrducting veins/strands are received

as standard ones. In fcrm the current-conducting veins/strands are

divided into thi circular cnes, zti segmental ones and the sectcr

cnas.
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Power cables are t!anufactured with the Eaper, rubber or molded

insulation of strands. lhi zaicrziss of insulating layer depends on

thko section of veins/stzands ard ncminal voltage cf cable.

* For the protection ci isclatacn from the moistening and the

chemical effects of the eavircflient power cables are covered/'coated

with sh-all of aluminum, lead, iclyvinyl chloride or incombustible

rubb-~r.

For ths? pre~sqrvaticz tzcm the mechanical damages serves the

* armor, fulfilled from the steel taFes or the circular steel wires.

p. k
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Fig. 2-4. Two-cora cable. a) wizn zhe round veins/strands; b) with

thi segmental viins/strands.

Pagi 43.

Th-e cables, run in taw earza/ground, above the armor are

covered/coated with external shielding shell cf the cable

braid/covsr, saturated bita bi-Luminous ccmpcsiticn, which shields

cablea armature from th corzosicn.

Thi constructions/designs ct cables with the paper insulation

are represented in Fig. 2-4-2-9, and with the rubber insulaticn - in

Fig. 2-10 and 2-11.

The enumeration of ktdads and the range cf the sections of

cablas to 10 kV ar! given in Tarla 2-8.
D

i 2 During the designation o± cables are accepted the following

i'
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conditional 19tterings (aza axplaiafad in the crder their spquencss):

Zet+.Rr "A", s-,t in the baginaing of designation, a canle with

aluminum vrins/s4'rands (cable uItb the ccpper veins/strands does not

have special designaticn and differs frou cable with the aluminum

vceins/strands in tqrms of tne atsence of le tter "A"l in the beginning

of designation).

Letter "Ts" - ths rcr. dischar~ing saturating paper insulation

composition on the base ci cerftsij-80 (cil-rcsin satur-ating

composition is charac-terizad by the absence cf letter "Ts" in the

designation of cable).

Insulaticn of strards cf cable:

P - poly,!thylmnq;

V -PVC;

B - rubber.
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* Figy. 2-5. Tripls-cors catle. a) wi-ch th.a rcund veins/strands; b) with

* the 3ectcr strands.

Fig. 2-.6. ?our-wirz catle. a) wita the sectcr fundamental

v-ains/strands in~ ths cizcular zero,* b) with the sectcr veins/strands.

Fig. 2-7. Four-strand catle witt zero v'ein/stzand in centar.
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Paqq 44.

Fig. 2-13. Power cable wita Strai/tape armor and external deposits

frcm saturatRd cabli yarm cit rand SB.

Fica. 2-9. Power cable in dluxinum shell with cold-welded joint.

mrn1'7 _77

Fiq. 2-10. Cabl,?s power witn zutcer insulaticn in lead covering. a)
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not armored of brand SFG; b) arzGred with the external deposit of

brand SRB.

Pag e 45.

Tha separately hoss-covereo cr covered with metal shells cable

corps ar designated by letter "C".

The mat-rial of catla steatbing:

A - aluminum;

S - lead;

V - nolychlorovinyl;

N- incombustible rubber.

Index "gv', designates the fluted shell with the polychlorovinyl

hoso, letter "sh" - alusinum snell with the ccld-welded joint.

The shielding depcsits of cable have designaticns according to

GOST 7006-62;

B - armor of two steel tapes %ith the shielding external

depcsit;
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G- armor of two steel tapes without the external deposit;

K - armor from the circulaL steel zinc-ccated wires with the

shielding Qxtarnal depcsit;

KG - armor from the steel circular zinc-coated wires without the

.xtrrnal deposit.

Lptter "T" at ths end of tne trand designates, that the cable is

intended for the separatcr in the tubes cr the blccks.

Designations 1K and 2K indicate the presence in the cable of one

cr two pilot wires.

For example, brand ATsABG designates: power cable with aluminum

strands (A) with the paFer insulaTion, saturated with non-flcwing

mass on a caresin base (2s), in aluminum shell (A), armored ty two

steel tapes (B), withcut the external dspcsit (G). Cable of brand SK

- power cable with the ccpker veins/strands with the paper

insulation, saturated with cil-rosin compositicn, in the lead

covering (S), armored t thd sceal round zinc-ccat.d wires (K) with

the shialding external aeposit.

............................ ............ ... ..........-
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Cables with th pajer saturazdd insulaticn in the alumirum shell

ar- manufactured acccrdirg to GCS'L 6516-55, in the lead covering -

acccrding to GOST 340-!S, india-zutber cables - acccrding to GOST

433-56. Cablps pow-r with cne plastic insulation in the plastic shell

ars manufactured in acccrdaace bith the technical specificaticns MRTU-

. 2-43-61, MRTU-2-43-13-61 and IUIE-127-67.

The basic areas of employnment of the basic power cable brands,

depending on environmental conditions and methods of laying are

Presented in Table 2-12.

~1

9 -o,
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Fig. 2-11. CablP with the zubcez iasulation in the polychlorcvinyl

shqll armorid with th,- caxtornal deposit cf brand VRE.

2j.



DOC = 80040303 PAGE (P'

Page 46.

Table 2-8. The assortment oi 1 ower cables on the brands, to the

section of thoss conductin4 cureut cores and to nominal voltage.

1b (C) H0owuuaAt..ao HaVIVOpteKCH- .
Mapma 4.eo O6'ii ' f 3 6 o

I ________ I(di bj,~u eefi

I. KaeeAa c 4fy.,a~wmfotI u3o.iiuel, npOnumaxuOi
JIGciAOM :4o.bxHu. cocmaao,

A - 35-800 6-625 10-185 16-185
2 - 35-1S5-0
3 - 35-240 6-240 10-240 16-240

h 4 - 35-185 - - -

AAS, - 35-800 6-625 10-185 16-185
AA5r 2 -' 35-150 - - -

3 - 35-240 6-240 10-240 16-240
4 - 25-185 - - -

AArr, 3 - 35-240 6-240 10-240 16-240

AAS-IK. 1 - 185-800 - - -

AcrT 3 - 35-240 4-240 10-240 16-240

CrT I - 35-800 6-625 10-185 16-185
2 - 35-150 - - -
3 - 35-240 4-240 10-240 16-240
4 - 35-185 - - -

cs. csr I - 35-800 6-625 10-185 16-185
2 - 35-150 - - -
3 - 35-240 4-240 10-240 16-240

.4 - 25-185 - - -
SCK 3 - 25-240 25-240 16-240 16-240

4 - 25-120 - - -

2. Kae.a C 6y.1a'M09o U3o0.1sq., fponumannod
mecmemtou4Ca marcoil na ocHO* t4epe3lLHG

r C. I - 35-240 - 10-185 16-185: !1c~r,,
' UCK, 2 - 35-150 - - -

UCKr 3 - 35-240 - 10-185 r25-1854 - 35-185 - - "-

ALIA5. I - 35-2,10 6-240 10-185 16-185
ALLAsr, 2 - 35-15o - - -
ALLAr 3 - 35-240 6-240 10-240 16-240

4 - 35-185 - - -



DOC =80040303 FAGE

Page 47.

Continuation -rable 2-8.

Mipma qucjlo 0.6 1 I 10

3. JWfeAaa c Ofya~mmoilaw3 tzOael. npoflumoaknoa
jwAAoxaaHU#o~bmwA coemaaows. a amoH.Lewa o 6040'41

c xoAodfoceaptuA mOom

AAJIA. 13; 4 - 6-35 - -

AAWSFjI
4. KafeAu c peSUmoai u3oAlxquei

ABpr. 1 4-240 - - -

AHPr 2; 3 4-185 - - - -

ABPS, 2-3 4-185 - - - -

ABpsr.
* AI-Psr.

BPS.
MPr.

HPS.

o'r, HPr 1 1-240 - - - -

2; 3 1-185 - - - -

cpr 1 1-240 - 1,5-500 2.5-500 -

2; 3 1-185 - 1.5-70 - -

cP5. 2;3 4-185 - 4-70 - -

cpBr
5. IKade~u c iutacmmaccosoi tIjoraguar!

ABBr. 1 2.5-35 - - -

AflBr 2 2,5--35- - - - -

3 2.5-35 - - 10-150

AABS, 2 2.5-35 - -- -

AflBS 3 2.5-35 - to1-ISO

ArlOBS. 3 - - - - 16-150
Anos,
nossr

- BBr.T, 1; 2; 3 - 1.5-240 40-240 - -

BBS-T,
Br.i*

BBr.T, 4 - 1.5-240 - - -

B86-T
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Page 48.

Continuation Table 2-8.

a) I QQ Hom i6a-.oe maupx hlxne. soM3PK.1 1 4MC40 0. M I

Au MO CeqeH811.AM

ABBr-T I; 2; 3 - 2.5-240 4,0-240 - -
ABB5-T.
ABBEr-T
ABBr-T. 4 2.5-240 -
AB6B.T.
ABB5r.T
BBr.T 5 - 1.5-25 - - -

ABBr-T 5 - 2.5-35 - - -

ABBr. 2 2.5-6 -. .
AIBI 3 4-16 -...

()(o.1er- 4 4-50 ....
R He H We) 5 6-50 ....

6 16-50 -. .
7 16-50 -...

A %AB, 3 -0-SO

ABAlB
S(odner-
qfNwe)Note. Triple-cores canle with the plastic and rubber insulation

0.66 kY can be prepared wmtb tah -upplementary grounding or zero

vein/strand.

Key: (a). Cable make-up. in). Nuaoer of cores. (c). Nominal voltage,
S"kV. (d). Range of sections, ma. (1). Cables with paper insulation,

saturated with oil-rosin composition. (2). Catles with paper

insulation, saturated with not aischarging mass on base of
ceresin-80. (3). Cables with paeur insulaticn, saturated with

C Ic1-rosin composition, In aduiB.UM shell with cold-welded joint. (4).Ii India-rubber cables. (5). Cauaes with molded insulation. (6).
facilitated.
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Tabl 2-9. Ths secticn of zero ones or grounding cores of power

*four- wire cablas.

(a) ( b) CeqeuNe ,IyAeC MAN 3ae.JAme* X"6. AUP
Ce-temem . C) -- (4)

0Cno048 lx KjAn c 6yu .iaon BJOArn *ell KadeIX C pe3HHGBa 2 MACT-
=04. A..' * aaA qeHhliCe KII6eAU IlC iaC- MUaCcol0 3oiAUReA

Macco8l0 30a3AXUI3I

I. - !
1.5 -
2.5 -
4 2.5 2,5

, 6 4 4
10 6 6
16 to 10
25 16 10
35 16 10

50 25 16
70 25 25
95 35 35

120 35 36
150 5o 50
185 5o 5o

Key: (a). The section of bases of cores mal. (b). Sectio'n of zero or

grounding vein/strand, amm. (c). Cables with paper insulation and

sheathed cables with molded insularion. (d). Cables with rubber and

moldid insulation.

I!
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Page 49.

Table 2-10. The section of zero ones and grounding cores of power

cabl3s 1-3 kV with the mcided insulation, in Flastic shell

(TUKP-127-67).

(1) Hftuuaaxuce Ceteil. MM1

I~uyeuo*(qe U Ap~)~ W (RSTwrQ) 24CNab

1.5 1,0 ,5 - 1.0 -

2,5 1.5 n 2,5 2,5 1.5 2.5

4 2,a5,4,0 2.5 x 4 2.5 2,5

6 4,6 4a6 4 4

to 6 n 10 6 a 10 6 6

16 10 w 16 10 a 16 I0 10
25 1 16 x25 16 16
35 16 16.35 - 16

50 25 25250 -

70 35 35,70 -

9550 50.95 - -

120 70 70. 120 - -

ISO 70 70 - -

185 95 95 - -

240 120 120 - -

Notes. 1. Four-wire canles oz brands AVVG-T and VVG-T to voltage

1 kV for lighting systems wita tiucrescent lamps are manufactured

with veins/strands of oDE sectica.

2. Five-vein/five-strand caalis have four fundamental core of

identical saction and grcunding vains/strands smaller sections.
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Power cables with the paper i.nsulation, saturated with oil-rosin

composition, without the special d-avices/equipment (stop clutch) are

applied for the separatcr in the sections of route vith the

liffearence in twc any pcints or: end preparings, which does nct exceed

the values, indicated in ranle A-11.

Key: (1.). Nominal secticn, ama. 42). fundamental vain/strand. (3).

zaro (fourth) vein/strand. (4) . the grounding (fifth) vein/strand.

(5) . copper. (6) . aluminum.

* Page 50.

For the vertical run are released power triple-cores cable with

the insulation from the paper, saturated with the nct discharging

mass, on the base of cezesin-80. cables are manufactured par V1 4-61

and can run itse:lf on the vertica.. and sharply inclined routes

without the limitaticn of the value of a difference in the levels of

the upper and lower points of the route of cable.
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Table 2-11. laximum permissiblc difference in the levels of two any

points or end prqparings with tae separator of power cables with the

paper insulation, saturated vitb oil-rosin ccmpcsition.

Kb ) Miuucuua~aam

(a) XapaRTepNCTmca K3aelt |t onyroman p&-
IdOCTb yPO e,. X

I. Ka6eaH a a3UouMHHHewlo o6o.ioqMe Ha Ranpsme-
HHe go: (,.;

I n 3 25
6 O) 20

(16) I Pa c 130.IRuIMIA ;1 npeaaapHTebo nponu- He orpaHIIHwa-

raimii Gymarit ensa
2. Ka6e.mi a csameoofl o6oaoqae Ha Hanpome-

( 2A I 3 He 6pO4HtPOslHHue 20
(1W) I : 3 6porntpasimbie 25
( a)6 n 10 Is

Key: (a). Characteristic of cables. (b). Maximum permissible

difference in levels, m. (1). Cables in aluminum shell to voltage,

kV. (1A). and. (ib). 1 xV wita zbe insulation from the

ore-impregnated paper. (ic). It is not limited. (2). Cables in lead

covering to voltage, kV. (2a). I and 3 nct armored. (2b). 1 and 3

armored. (2c). 6 and 10.
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Table 2-12. Fields of ajp.Uicatica of fundamental brands of power

cabl-is.
()Mapuiu KJdtAeft (b) IjuNS-fel Ka&JCAe

AAS. ABP6, AHPS, ( JLTRn !POxAaAKH B 3emnC 8 Tpallwee, cl
ABB6. AFIBB. Icadefb Hie rzollepraeTRc 3EHa4HTe.IbbIM pac-
AAtUB. CS, CP6. mrrnamiummi yewusiw
BPS, H-P5. BI3G.T.
AAB5S.T
AA~r, ABPBF. (2) ZARn nPOKc.14AKJc 1SHyTPi nomeIeHHIA, a Ka-
AtIIPSI, AAwsr. CE!'. HajlaX, TyHHeAKXX, eC.IK Kade4Trb He noasepra-
cp~r* BPr!. HP~r. ercfl 3HalHTeAbHW.% pacTqr4DaiouxHM yc4.iH-
BB6r.T. ABB5!'-T RM
ALLA5, LtCS (3) IIInN flpK.IaAKXs B 3jee 13 TpaHwee nl~v

KPYTansaKnToHKbaX Tpaccax, ecaisf xafetb He
rTQlAepraeTRc 3Isa4H~TeJabHbl. pac1.NrHaawomwI4

ALLAS!. tucrr (4) Riim flPOKnla-UHI o1yrpHl lomelineiHA,
U lcaNaJ1aX, TYIIIte.IRX, WaXTal rlIIH DepT)H-
K Anb~bIX Rs xPyT0113KJ1oIHaX Tpa. ec.im
Ka:6e~b He noAaepraerca 3HaVHTe.IbssbiM pac-
VirNeamuwMm ytxANmx
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Page 51.

Contjnuatjon table 2-12.

W (5) LAji lpoKAagrni a 3emaft S TpaeWe TnpI
£pyToImaNornuh rpaccax zipz ma. mnm ma-
qnTeAbhhix pacT~rHmaIoLUuH YC14.IWA4

=rK (to) Aim rpoxaain Buy~pii flomewLe31HA
5 XafaaX.~ TyNHe. IX. WU3,TaX 1PM Seprmca1b-
UbX N Kpy1'OHaK.0o1HuX ipaccax Tpr4 HaH'l)4
3KaqIEyefibufu p4CTr~qjjjUffX ycol.TN

CK (0) ZiL' npowlaamt rOA 8O30ft
AAr (9) i nipoic.axcif a no.lqeierniq, 'ryrne-

* ~ ~~AIX, KaI~a.tX 11314 tOrCY'TSTORK 903.4MO-nO H
mexaug~qecK~x noBpewave14H a cpeile, ndei-
TPaJ~bHoA no TnmomeHmmo x amUomwiIio

AAWA (q?) UOn upom'axu aHyTphe nomIetmeHMA,
8 Ucaaax. 8 3eumie a ctJ~bcNxx mCCTHocrn
11PH OltyTCTBRnt 503MOXCHOCTII meXafHeHXc~~

AW (10) iZnn npox~iazLxw a iomueumi. 3 KaIHa-
JAn, ry..ueAix flpK SepHIK4biMlc WI ipy~o-
H4KAlOHIXL Tpactax, ecau Kaielb He noaaep-
raerCA 3HaqHRTe~lbHWM pacTsr3r0LoUHK4 yCs4.
AHENm, it cpeAe. ueftpalhnoA no otIsowienf)0
9 arnoUHrnIm,

s ,canaiax, Tymeinx npm orcTCYTaTBH a6pa-
uImHI 4MexaNHqeCKlHl aasjieAlkmH Ha ,ca6e.ib
a cpe~e, ueArpanbuoll no otKouieffifo it cR344-

- uy
AatT. CUT ((2) LLAS np0KaAKm M -tpy~ax ji 6 ,1oxax npit

oITCyTCTB;14 mexam,f'ecKImx 8o eACTOA H3~ 1a Ka
6efib a cpaAe, HefrrpailbuoaA no omowemHo
K C314111Y

B8P. ABar-? (13) im'. npoecaaxm a 6m10KUX 34 py6ax
AlIPr, Hpr. AfIBr (14)RAXi npoLJa;XK SHYTPR nomaeumeinRA a ica-

Imailax, TyHne.iRX ripm oTcy~cTsxm mexaffxqec-

ABpr. ABBF, SPF (1$) qILIu npoicaA~tR rniyiPi 004eHHA,
a Kanaa, TyH~eRaX npH4 orQTCTCK MeXa-
ujiqecxuix so3ueficmA Ma itadeib N UP. H3-
JIH4Hit arpeCCHRIOXl CpteX tSHCACT, MAMAoef

NOi' 3 Ap.)
ABBr. ArIer o~oer- crU f1a lipox.halnM hiiyTpII flomeuCKft,
toutsWC A cejlbCJCoA 9 xawSJIaZ 9 3C34J~e. a drpamweiix. evam K36e.ib

NeCTRocr, #e ftoaepraerca pSarnrssiouinx yc~aumU W
SNeUIJHM UezafNqtK4g( SQaAeAC'TSMI'. npe-
3MIONUiIM ffpayCMoTpeflN~e sUHCdpy~twiel

no npotumasse xs6enell
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Key: (a). Cablq make-ups. (D). Designation/purpose of cables. (1).

For separator in Parth/rouad in zrench, if cable does not undergo

considerable stretching forces. (2). For separator indoors, in

channels, tunnels, if catle does nct undergo considerable stretching

forces. (3). For separator in ear, h/ground in trench with sharply

inclined routes, if cable does nor undergo cccsiderable stretching

forces. (4). For separarcr inaocrs, in channels, tunnels,

mines/shafts with vertical dnd sharply inclined routes, if cable does

not undergo considerable stretching forces. (5). For separator in

earth/ground in trench bith snarply inclined routes in presence of

considerable stretching forces. (6). For separator indoors, in

channels, tunnels, mines/shafts with vertical and sharply inclined

routes with presence of considerable stretchirg forces. (7). For

separator under water. (1). For separator in Iccations, tunnels,

channels in the absence cf jossibility of mechanical damaga in

medium, neutral with resFect to aluminum. (9). For separator indocrs,

in channels, in earth/qrcund in rural localities in the absence of

possibility of mechanical effects. (10). For separator in locations,

in channels, tunnels with vertical and sharply Inclined routes, if

cable does not undergo ccnsiderable stretching forces, in medium,

neutral with respect tc aluminum. (11). For separatcr indoors, in

channels, tunnels in the ansenca or vibraticn and mechanical effects

on cable in medium, neutral vith respect to lead. (12). For separator
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* in tubes and blocks in the absbnce of mechanical effects on cable to

medium, neutral with respect to lead. (13). Fcr separator in blocks

and tubes. (14). For separator indcors, in channels, tunnels in the

absence of mechanical e±Xects cL cable. (15). Fcr separator indoors,

in channels, tunnels ir the ausence of mechanical effects on cable

and in presence of agressive media (acids, alkalis, etc.). (16).

facilitated for rural locality. (17). For separator indoors, in

channels in earth/grcurd, in trenches, if cable does not undergo

stretching forces and extexual mechanical effects, exceeding those

callad for by instructicn on catle laying.

Page 52.

The construction lengths cf cables with the paper insulation in

the leal covering to 10 kV by zte secticr: tc 70 mm2 - 300 m, 95 and

120 im2 - 250 m, are more than 150 mm2 - 200 a.

2-4. Wiring and cables in the dangerously explosive locations.

In the dangerously explosive locaticns cf the classes of a V- I

and V- la for the power and lainting systems must be used the wires

and cables with the coper veins/strands; sqparator in these

* Ilocations of wires and caoQ.es w h the aluminum veins/strands is nct

allowgd/assumed. In the aangerously explosive locaticns of all
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romaining classes is allcwed/assumed the use/application of wires and

cables with the aluminum veinr/strands in the presence the ccndition

of fulfilling of connecticns and termination by soldering or welding

and in apparatuses and instruments, to which they are connected,

special contact terminals/gri}pezs.

For the power and lightiag systems to 1000 V in the dangerously

explosive locations can bi used the cables with the paper insulation,

cables and wires with rukoer, iclychlorovinyl or equivalent it by

insulation. In this case tAs wires and unarmoured cables in the

locations of the classes or a V- I and a V-II, and also in the power

networks/grids in places of class V-Ia must run itself in the steel

tubes. 7rhe surface work cf anarnouzed cables is allowed/assumed in

the power and lighting sysrems nct above 380 V, also, in the absence

of the possibility of the mechanical and chemical effects in the

locations of classes V-It and V Ia, or in the lighting networks/grids

in the locations of class V-Ia. In all remaining cases in the

dangerously explosive locations it is opened the laid cables with the

rubber or paper insulaticn to 1000 V and above they must be armored

and not have external deFosits from the fuels.

I!•,
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Table 2-1Q. Construction inn jths of power cables with the paper

insulation in the aluminum shall.

(lt .?1 i o.nma ea~m O uze.ae

Hoa..aAbHMe c.qe- t3) Ao we
u . .ou* tq3IM. Sar

JS1 Ue'pexxUAb Gas

TpemSaab"Me 
KM3

tO -475 3i
16 - - 375- 300
25 - - 358 300
35 400 350 325 250
50 350 300 300 200
70 300 225 225 175
95 250 200 200 -
120 225 - - -

Key: (1). Nominal secticn of fundamental vein/strand, MM2 . (2).

Nominal voltage. (3). tc I kV. 44). three-ccre. (5). four-strand.

(6) . kV. (7). Constructicn lenj tn, m.

Page 53.

The wire insulaticn and catleS must correspond to nominal line

voltage, but be not belcw 500 V.

Electric wirings in the steel tub-s must test to density of

connections with overpressure 4.5 atm(tech) for the locations of the

class V-I and 0.5 atm(tecn) zor placgs of classes V-Ia, V-1I and

V-Ila. in this case during 3-5 am the pressure must not decrease by
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more than 10-20o/o.

Surface work dangerously explcsive indocrs of the uninsulated

conductors, including tzcliies for the taps/cranes, is forbidden,

with exception of the lccaticns of classes V-la and V-Ib, for which

is allowed/assumed the use/appication of the uninsulated copper and

aluminum conductors under tte ccndition cf their separator in

accordance with 5 VTI-3-- E4 PUE.

Is allowed/assumed the sejarator of arucred cables in the

channels under the ccnditicn of cnarging by their sand for the

locations of the classes ol a V- I and B-Ia, that contain combustible

vapors or gases with the specific gravity/weight more than 0.8 with

respect to the air, and tor the locations of the class V-ir. In

this case the p.rmissitle conisant loads on the cables must be

accepted on the appropriate tacles chapters cf 1-3 PUE as for the

cables, laid in air, witb consideration the ccrrecticn factor to a

number of working cables in 7"agles 4-21.

Is allowed/assumed caole laying in the tunnels and the blocks,

isolated/insulated from tna prcduction lccaticns by the incombustible

partitions/baffles, under the condition of the device/equipment of

fairleads in accordance with the requirements p. 1 § VII-3-53 POE.

\I
m k gi , + m.. . .. .. . )d ! 'i
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In the locations Cf th-d class V-i in the twc-wire circuits

with the neutral conductor thay must be shielded from the excess

currents both phase and neutral ccnductor with the installaticn for

the simultaneous cutoff/disccnnection of ths phase and neutral

conductors of two-pole switcn. In this case fcr the grounding must be

laid the third wire.

In the dangarously explosive locations th. neutral conductors

must have insulation, equivalent with the insulation of phase

conductors, and must run itself an the general/common/total shell or

the tubi with the phase conductors.

With the separator in the dangerously explosive placements of

insulated wires and cables in the steel tubes of the section of wires

cf cores of cables they sust nct be below:

copper wires and cables:

for the lighting systems *.. 1.5 mm2 .

for the power networts/grids ... 2.5 *m2
.

Aluminum wires and cables:
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for lighting netwczks/grids . 2.5 mm2.

for the power retwcrks/yrids ... 4 m2

The use/applicaticn of aluinum wires fcr the charging of

illuminating lamps is rct aJllowea/assuraed.

In the placements ot class V-lb and the external installations

of class V-Id thq selection ci sections and the protection of wires

and cables from tha currents of overloading and short circuits must

be conducted as for the mcnexplcsive lccaticns.



DOC 800140303 F A c

Page 54.

Section Three

DETERMIIATION OF CALCULAUD ELECTRICAL LCADS.

3.1. Design loads of industrial enterprises.

Design loads for the industrial enterprises are located on the

basis of "indications zegarding the electrical loads in the

industrial installatiors".

For electrical netwcrKs by design loads are the greatest

possible loads the dura¢icn ncr less than 3C min.

The value of design load defends on a Lumber and the installed

power of elqctrical receivers, character of production and degree cf

the automation of producticn jzccess.

1. Nominal (established/inszalled) power of electrical receivers.

Ncminal active powez for one electrical receiver is determined

from the formulas:
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for the receivers at illumination and electric motors during the

continuous duty

PimP.,(3-1)

for the electric actors at i.ntermittent duty

Y7Y6 (3-2)

for the transformers ot tne electric furnaces

PI-SUcosIP.. ki; 0-3)

for the transformEzs at wieldi~ng sets and apparatuses and of arc

welding transfcrme.rs of manual bialding

where PN nominal powex of tne receiver of illumination or nominal

(cqrtified/rating) power of e.ltctzic motcr for the continuous duty,

* kW;
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- nominal (certified/rating) duration of inclusion/connection,

rel. un.;

P.., - certified/ratirg power ci electric motor with the nominal

rzlativ duration of inclu.ca/¢cc¢nection, kW;

S. - certified/rating power cf transfcrmer, kVA;

cosu, - coefficient ef pcwer of electric furnace, welding set or arc

welding transformer under tne ncainal conditicns.

Page 55.

Th. nominal power cf tae group of 3lectrical receivers is

defined as the sum of the ncainal power of all electrical receivers:

P, = k W ,( 5

where - nominal pober of electrical receiver, kV;

n - total number of electrical receivers in the group.

2 s l

" 2. esignloads
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For one electrical raceiver calculated active power takes as the

aqual to:

during the continucus duty

P-p. ki (3-6)

during the intermittent duty

Po P =1.14py. ki, (3-7)

where PT - nominal power of electrical receiver, kW.

During the intermittent duty cf electrical receiver the

installed power must be given tc tne continuous duty on one cf

formulas (3-2) or (3-4).

The calculated reactive power of one electrical receiver is

determined from the expression

- Q-PtgP. kiiovar, (3-8)

U

where 0 - phase angle cf tne current of electrical receiver during

the mode/conditions of design Icad.
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For the group of elect.rical raceivqrs by a number to 3

inclusively active and reactive rated powers are defined as the sums

cf the respectively activi anu reactive load cf electrical receivers

of group.

During the tentative calculations is allcwed/assumed to

determine the calculated active power of one cr several groups of

electrical receivers acccrding to the formula

PXKPj,. rk, (3-9)

where K, and P7 - respectivell average value cf the coefficient cf

demand I and the installed power of the group of the uniform

electrical receivers;

n - total number c± grcucs c! electrical receivers.

FOCTIOTE 1*. The coefficient o± demand is called the ratio of design

load to nominal. ENDFOCINOE.

Reactive rated power can ve aetermined frcm the expression

A1
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Q-Ptgp. i.ovar, (3-10)

where 0 - phase angle cf summed current of the entire group cf

electrical receivers fcr the mode/conditions cf design load.

Page 56.

The average/mean values ol the coefficient of the demand of

power load for some prcducrt.ons are given in Tatles 3-1 and 3-2.

The coefficient of rae demaad of the lighting lcad of industrial

enterprises and relating to tham auxiliary and everyday equipment is

accepted on Tables 3-3.

In general coefficient of tn6 demand of the group of the

e-lectrical receivers cf industrial enterrrise is defined as the

product of coefficients cf use (Kn) and maximu (Ka):

(3411)

The coefficients ct usa and maxi.mum of the group of electrical

receivers respectively axe equal tc:

K. P- (3-12)

P
KU P (3.13)

whiri P, - average resistive icaa of the group of electrical
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receivers in question fcr the mcsz loaded exchange of enterprise kw

P and P, - Respectively thi calculated and ncminal active of the

power of the same grcup cf alactr2cal receivers, kw.

FOOTNOTE 1. It is datrmined ty tha division cf rate of discharge of

P-lectric power for the excnanye by the duraticn of exchange in the

hours. ENDFOOTNOTE.

The values of coefficients cf use in the dependence on the tyFe

of the jiven mechanisms and character of prcdccticn are given in

Table 3-1.

The values of the coeficient of use for several groups of

electrical receivers with the different values of the coefficient cf

use are determined frcr -formula (3-12), in which as Pea should be

understood the sum of medium loads for the most loaded exchange for

*all groups of the electrical receivars:

Pno Ku,. Kom. -(3-14

Coefficient of the damand ct the group of electrical receivers

for the tentative calcuiaticns can be accepted in the dependence on

the coefficient of usa in Taoles 3-4.
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3. Datermination of coefticient of maximum.

During calculations at tae stage of technical prcject or working

drawings design Icads are detarmined with ccnsideration the

coefficient of the maximum 2 wncsa value depends on the coefficient

cf use and effective numkar of electrical receivers.

FOOTNOTE 2. Thq coefficient of maximum is called the ratio of maximum

rated load to thq medium load for the most Icaded exchange.

ENDFIOTNOIE.
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Table 3-1. Values of calculdted coefficients for different groups of

mechanisms.

Hammnoumuz.au0911i041, . (d) ()

(i) rops~odora?.?eAblie Komdmoatw sI ar.nioca6ps4KN

(2) Hacocv. fremmu.4amopm.a Komnpeccopm. 2a300yia, 3nCC~wyemepw
M Htammch wA51we ...... 0,T-0.8 0.8-0.85 0,75-0.9

N) BMWcoh fecliohie ..... 0,9 0.5 0191
(S) aayy-szC0CTA ...... 0,95 0.85 0.95
U~s~M :4"ioxsmopm. ....... 0.6-0.8 0.75-0.85 -
Me emfrsiropw abiohWOora Azle-

AeRHM AJII arAoquit~ . . 0.75 0,85
C2)BMNAUaOPa K ApO6ilaRIM 0.".5, 0.7.-0.75 -

SArmnucrayc'repw (rm~Ays-
Its).... .. .. .. .. . .5-0.6 0,6-0,7 0."-0,

(1a) M1exauz±*w dpod40wx Lt a3MeAhteMul

(M-0406N~.AKII MOTIOfflbt~d 0,8 0,85 -

(I3J~s~uncIKoHyaSme 0,6-0,T 0,75-0,11 -

(13 4eOHAK3 pexMAMouba 0,9 0,9 -

ci4IJEEbrw apoIe . . . 018-- 0.8 -

(IS) MeflbglW M~p~llefee. . . 0.7 0.75-
cI1jrpozoTMr. .. ........ 0,5-0,6 0.6-0.7-

(III M&XaW3sU ManpePNAOWO FPaMCnIOPMa

nli TpowcIopTeij fJseHroqjtbae
cunie I 70 0r.... .05-0,6 0.7-0,8

(1q)Tpamcflop~epbl nefrosmue Ao
170 xm .. .. ... .. 0.5-0,6 0.65-0.75 -

eX)Koumefteu ao",10 'gm . . .0.4-0.5 0.6-0.7
(21) Kouseflepha camomi 10 Mw 0,55-0,75 0.7-0,8
I=2 Konvelepsi Kopf7C2. xpynwo-.

ro Apodainas... .. . .. , .65 0.-85-S
Mn3siuaww~ 11fiftw'TIMTe, Ill-

pena~u. &6oudsnwe v(
AllOs~ .. .. . .0,3-0.4 0,"-.6

Y-NjRteustopm, wmen*.. .. ... 0.6 0,7

OWCYCMIN... ... 0,7 0.8-
tyll Boeaesli caaecarrmnitbe . . 0,".0, 0.8
(2)j~lbi ~t~~~ 0. 

,mpAN 011efpl IL~b
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Ta~e 3-t Con tJ6,GVdai

JIii Kjn. ccnc~rnxaToPhI Cnn~pe2bl~ue
0 P~C'Hhle . 0.65 0.8

f3mi.oTawHHut idallunb . . 0.9 0,81
(33) 3.ICKwrplfI.1b7rpUl.. 0.4 0,87
(3N)Marmmvibie cenapaTOphi HH-

AHuH~ay3Abbie ...... 0.4 -

(35)Jl~vrarfe.1b-re~e3paTP . . . 0.7 o,8
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e('hLZomtpowo';He crobiu. . . . 0.25 0.5 0,35
Q WTfle.1CPbL. .. .... .... 0.16 0,6-0.75 0,35
~YreneperpyAMrC.IU.. 0.14 0,5 0,2

eqfl Kaxcomra1mmM1 . . 0.1 0.75 0.2
fl93arpymoqbwe iarombi . . . . 0,3 0.6 0,4

(A) aglepenlemmue uawtHm . - 0.3 0.7 0,25
CSb)3.AeKTPOSO3bl TywH~bHbil Ba-

rOHOs .. . .. ...... 015 0.75 0.2

(SUCitionosBwe floAu~'dHSIRR 00 0.5 0.3
(Q33Kfl6cCT2HI.......... . 5 0.? 0.55

(60,aroHoonpoKHWD;vre.H 0.3 0,6 0.35

t541MeTaayprm cxme6 33 SOAM x nexiiqepEOI 11
ttseTHOI meSfiAJJyprHEt

(M) Ifacocs. epfmuAitmopid, ,coimpeccopm

(o Icocta so.aRmie . .. .. ... 0.7-0.8 0,8-0,85 0.8
(67)bCoChi nUiraTelbIube ahpre.

M09OorG exa . .. .. .... 09 0.9 0.95
(6g) ihajMaochi NapteeOoro0,9O

tiena.. .. ......... 0.9 0,9 09
("lBeCWHFtOpbI AOmeHitoro Ile-

Im..017-0.95 0,7-0.87 -

e~ emitpw FaOhl ope.
.10K .. .. ............ 0.65 0.85-

(W1) BeNTM.I*TOpbi fnp0W~1UbX Ae-
lo .. .. .. .. 0."-.75 0.7".09 0.7-0.9

S". JL~f . . .-. 0.7-0.8 0.6-0.8
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( eTvao r n.MV~ll3- 0:65 0:8

(4)Kounpeccophi . 0.65 0.80.

N(a)MeXanUs3AW 4anpep~iww mitpWChopfl

(W.)Konreaepb ........1 0,35 I 0.7 0.55

(61) Kpaiw paimwx mimmnoesui
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0( VOeepmue xKjUNa. ........ 0.35 - I -

r raieKpaHm . . I 0.5--
(7iKpNmm pawaiae . 0.14-3 3 06-0. o .22-0.36
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Key: (A). Designation c± machdnisas and apparatuses. (b).

Coefficient. (c) . use 1.

FOCTNOTE 1. Th,? coefficient of the use of a maximum resistive load is

calll.d the ratio of average resistive load for the most loaded

exchange of enterprise tc the zc¢inal power. ENDFOOTNOTE.

(d). power. (e). demand. (1). OQe-dressing ccutines and sintering

plants. (2). Pumps, fans, compressors, gas blcwers, exhausters. (3).

Pumps (water. (4). Pumps (sand. (5). Vacuum rumps. (6). Fans. (7).

Air extractors for sintEring plant. (8). Fans to crushers. (9).

Rgqlomerated exhausters gas tlcwers . (10). Mechanisms of

fragmentation and grindirg. (11). crushers (hammer. (12). Crushers

(conical. (13). Crushers (doucle-rcll. (14). Fills (spherical. (15).

Mills (rod. (16). Crashes/yratings. (17). Mzchanisms cf continuous

transport. (18). TransEcztss strip/tapq are -icre than 170 KVM. (19).

Transporters strip/tape to 17G KVM. (20). Ccnveyors to 10 KV?. (21).

Conveyors are more thar 1U KVM. 122). Conveyors of housing of coarse

crushing. (23). Feeders laaellar, ilate, drum and disk. (24).

Elevators, worm conveycrs. (25). Machanisms of filtration and

enrchmant. (26). Thickenars. (27). Drums (mixing. (28). Cup

coolants. (29). Talles ccncentraticn, vats, tanks concentraticn and

reagent. (30). Drying drums anu saarators. (2-1). Classifisrs (spiral

I
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and rack). (32). Flotaticn machines. (33), Electric filters. (34).

Magnetic separators individual. (35). Dyramctcs. (36). Vacuum

filters (tape, drums). (17). Cdr dumpers. (38). Bucket cranes. (39).

coke-chemical plants and shos. (40). Transpcrters. (41).

Transpo--ters (rolling. (42). ieeiers (lamellar and strip/tape). (43).

Crushers (hammer. (44). Lcsage tables. (45). Stackers. (46). Coal

loaders. (47). Coke extractors. i4c). Charging cars. (49), Door

extractor, machines. (SC). Eiecric locomotives cf extinguishing

cars. (51). Skip hoists. (52). Cajstans. (53). Car dumpers. (54).

Metallurgical plants and shcps cf terrous and ncnferrous metallurgy.

(55). Pumps, fans, ccmrressors, (5o). Pumps (water. (57). Pumps (feed

cf open-hearth shop). (5b). Eznausz fans of open-hearth shop. (59).

Fans of blast-furnace plant. {o0). Fans cf gas burners. (61). Fans of

rolling departments. (62). fcsitive fans. (63). Fans of machine

rooms. (64). Compressors. (c5). mechanisms cf continuous transport.

(66). Conveyors. (67). laps/cranes of different

designations/purposes. (68). lacs/cranes of crq yard. (69). Bucket

cranes. (70). Magnet-handlings crate. (71). Taps/cranes (different.

(72). Thermal and weldinc electrical receivers. (73). Resistance

furnaces with continuous chargiing. (74). Resistance furnaces with

periodic duty. (75). Arc steel smelting furraces in

capacity/capacitance 3-IC a with automatic ccntrol of electrodes:

(76). for fine stqel with aecaanized charging. (77). for fine steel

without mechanized charc.in . |7d). for meld casting with mechanized
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charging. (79). for mold castiny without mechanized charging, (80).

Arc stee1 smelting furracas in cafacity/capacitance 0.5-1.6 m for

mold casting in auxiliazr shops with autcmatic contrcl of electrodes.

(81). Arc furnaces fcr rcnferrcus metal (copper allcys) in

capacity/capacitance 0.&f-Lo.5 a with manual ccntrcl of electrodes.

(82). Ore-thermal furnaces witn three-phase transformers 6; 7.5; even

9 MVA. (83). Cabinet driers. (4). Fine/small heat-ars. (85). Arc

welding transformers fcr alactric arc welding. (86). Arc welding

transformers for automatic welding. (87). Machine-building and

metalworking branches of inaustry. (88). Cutting metal machine tools

small-scale producticns with ncmal mode cf wcrk - fine/small

turning, planing, mortising, milling, boring, revolving, grinding,

etc. (89). S in largE-scale frcducticr. (90). Then during arduous

luty: stamping machines, dutcMatic machines, revolver, abrasive,

gear-cutting, and also larpe/coarse turning, ;laning, milling,

revolving, boring machines. (91). Then with extra-heavy operating

mod-: drives of hammers, forging machines, draw plate mills, tumbling

barrels, edge runner mills ard zc forth, etc. (92). Movable power

tool. (93). Fans, exhausters, health and hygiene ventilation. (94).

Pumps, compressors, diesel generatcrs. (95). 7aps/cranes, telphers

with PV-25o/o. (96) . Sa..witb EV-40o/o. (97). Elevators,

transporters, worm ccnie)ars, ccnveyors nonblccked/interlocked (98).

Sq, blocked/interlocked 499). Arc welding transfcrmers of electric

arc welding. (100). One-jositict welding engire-generators. (101).
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Multiopsrator welding dyramotors. (102). Welding sets seam. (103).

5amg joint and point. (104). iulding automatic heads of type ADS.

(105). Resistance furnaces, catinet driers, heaters. (106).

R.isistance furnaces with ncnauzcmazic charging cf articles. (107).

Induction furnaces of 1cw frequency. (108). Djnamotors of induction

furnaces of high frequency. (I9). Vacuum-tube oscillators of

induction furnaces of hiyn .raquency. (110). Lultihead automatic

machines of machine shcfs Lcr jartt from bars. (111). Construction

industry. (112). Concrete-pacsers. (113). Autcmatic machine tools for

straightening and cutting wira. (114). Mclding machines. (115).

Conveyors. (116). Roller ccrveycrs. (117). Dredgers. (118).

Excavators with electric drive. J119). Scluticn units. 1120).

Taps/cranes (tower and jczzal). |Izl). Transfcrmer electric heatin9

cf concrete, warming scil and ccnd1 its/uanifclds. (122). One-position

dynamotors for w~lding. 1123). Arc welding transfcrmers. (124).

rovable mc-chanisms.

Note. At several values of the coerficients of use and power cne

should take the highest values.

Page 62.

Under an effective rumrer cf roup cf electrical receivers with

diff.rent installed poser and ditterent cperating modes is urderstood
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such number of receivers, iaenticdl according tc the power and on the

uniform cnes under the ccnuiticns cf work, which they provide the

same value of design lcad, as tte group cf different under power and

conditions of work electrical receivers in question.

An in general effective nuznez of electrical receivers can be

found from the expressicc

PY

(3-15)
PY2

An effcctive number of electrical receivers can he accepted by

the equal to their actual numrex in the follcuing cases:

a) when the power ct all receivers it is identical;

b) with the coefficieat cf use K.>o,8;

c) when they are maae the indicated in Table 3-5

relationships/ratios betteen the ccefficient c. use and the value cf

the relation, equal to:
P' .ua ve (3-16)

where poae and puwo - with res~ect nominal active power of the

greatest and smallest electrical zecaivers in qrcup, kw.

L
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During detqrminaticn Pi a ust be excluded the finest/snallest

electrical receivers w1.cse tctal jcwer Ices nct exceed 5o/o ef power

cf the entire group of receivers.
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Page 63.

Tabl _ 3-2. Control indices of the loads cf sce branches of industry.

(60~omum OOKS300ALCU0 CPGAk1*WSSweu. 900"EUSzuK NOW d.
capoca UmWAMoaC MaM"on urpysie( . ;"iqatum.ol

(ft XRMUweWce 3aau. ......... I 0.28-0.5 0.773 0.82 6200 7000
(2) AmamnfoKpacomhie 3a9oA . . . . 0.33--0.35 - 0.7 7100 -
(3) Heieneperouxwe 3aDOw u..... . 0.34-0.37 - 0.9 7 100 -
('4)3noiwIu TweJoro uaunuiocpotua 0.22 a0.62 0.77 3770 4840
(5) 3aaoAi cTaHnKoc'oerf.. ....... 0.23 0.65 0,68 4345 4750
(& HMcrpyueKaTJbuWe 3amoJLM . ... 0.22 0,63 0.69 4 140 4960
("1) 3aaogii wapHconoAwUnaflMKo. ... 0.4 0.8 0.83 5300 6130
(RI 3aboAa noAeumo.Tpaxcnopuoro

o0OpyAOSOHNI... ............. 10.9 0,69 0.75 3330 3880
eq)AoTolPOKTopiQue 3anoli ..... 0.22 0.78 0,79. 4 960 5240
(IM UCebzXoX0-Ac~eme MawKHocrpoe-

an. *............... ..... 0.21 0.85 0.79 5330 4220
oif) fpu6opoc~poem .e ......... ... 0.32 0.75 0.79 3080 3180
tI)Awopeuom-.mue 3aooWAi ...... ... 0.2 0.76 0.65 4370 3 200
t13) BaroxopeuomTrHe 3Sa0 1 ... . . 0.22 0.72 0.69 3560 3660
(14) 3.eK'pomuex..,eKue SaIoAU . . 0.31 0.64 0,82 4280 6420
jjS)AoTHoTyKoWe 3 Wain ...... .... 0.6-0.65 - - 7000-8 00 -
/€)Pa3miqrn.he MelAAGJtoQoPadaTb1lSaOL~e.

3811,,..... .................. 0.3 0,88 0,87 4355. 5880

Ksy: (a). Designation cf taa crancnes of industry (b). all-factory

the coefficient of demand. 1c). iaighted mean power factor. (d).

Power factor with peak lcad. (e). Annual tctal hcurs of utilization

of maximum 1.

FOCTNOTE 1. It is determined ty the divisicr cf the annual

consumption cf electric lomez irto the peak Icad. ENDFOOTNOTE.

(f). resistive load. (q). reactive load. (1). Chemical plants. (2).
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Aniline dye plants. (3). Perzcieum refineries. (4). Heavy Machine

Building Plants. (5). Plants cf machine-tool construction. (6). Tool

Plants. (7). Plants cf tall bedrin s. (8) . Plants of

lifting-transporting equipmant. (9). Tractor plants. (10).

Agricultural machine-building. (11). Instrument manufacture. (12).

Motor vehicle repair plants. (la). Car-repair plants. (14).

E13ctrical plants. (15). litric manure plants. (16). Different metal

working plants.

Page 64.

When thq conditions indicated are not satisfied, an effective number

cf electrical receivers is detei3ined in depending on values P. and

n*. computed from the fcruulas L

,,

(3-1")

and

:. = " , (3-1S)

wher? n - total number cf electrical receivers cf the group;

ifh -sum of the nominal jcwer cf entire gicup, kV;

n- number of receivers in tze grcup, the ncainal power of each of
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which more or is equal tc tne nalt the ncminal Fower of most

powerful/thickest receiver in tte yroup;

p- sum of thi nominal Eower cf those receivers, kw.

I!

.9

I.
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Table 3-3. Coefficiant ct te demand of the lighting icad of

industrial enterprises and servicing constructicns Ke

11) Me.mue npon3apictremwbe 3Aannu N TOPrOsUe noe-
zellu . . .. ...... .................. .1,0

(1) 1lpoH3fO,cTseimtze 3]UIHHR, COCTORilt H3 0 e.Ib4H X
Kpyn4Ux rnpoamT .. ...... ............... *0.96

0) 'p)I30,MCTBeHH#ie 3,a Hil. COCTONlUa w43 oT e. bHubi

noueMCIeHNA . ..... .................. .. . 0.85
(4) KOH"OPCKO-6biTobaie 1 amoparopnie 3Aammi ..... 0,8
(S)Cx.,acn e a3,aH4N. 3,ieKTpHqecxxe noAcTaHun . ... 0,6
f()AMpsAHoe N Hapy).KoC OrCNeHee.. ............. . 1.0
.")Ji~mmun rpynnosol ct a anum, niwana ocu'T-

T2Abnble Uiirr ....... ........... . . .,

Key: (a). Destination ci location. (b). Coefficient of demand. (1).

Finq/small production ruilainSs ana ccmaercial Iccations. (2).

Production buildings, unica ccnsist of separate large/coarse

flights/spans. (3). prcduczoza tuildings, which consist of separate

locations. (4•). office- everyday and labcratcry buildings. (5).

Storage buildings, electrical substations. (6). Emergency and

exterior lighting. (7). linas ot group network/grid and line, that

feeds lighting panels.

Table 3-4. Values of the coefiicient of demand K, in depending on the

coefficient of use K&

I 0.4 0.5! 0.6 I 0 06
Kej 0.510.61 0,65-0,7 j0,75-0.8 J 0.8-0.9 j0.92-0.95
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Table 3-5. Thq r;elationshjs/ratios between the ccefficient cf use

K& and the value of relation a, in which is allowed/assumed tc accept

K, 0. 0.21 o.3) 0.47 o's) 1 06

.< 1 3 0 3.S 14.0 5 ).o 6.5 1 I1

Page 65.

The fine/small electrLcal receivers whose total power does not

exce3d 5c/o of ncminal jcwar of all electrical recaivers, during

determination arf rct ccnsiderel.

In depending on sutllmLity p. and ,. thrcugh Tatles 3-6 is found

the valuc of the relative value of an effective number of electrical

receivers: ,1i ~ ~.= -I(t9

and determine an effective numbez cf receivrs ty the multiplication

cf obtained value ".. fcr the tctal number cf electrical receivers

the groups: (3-20)

In depending on the coetiicieDt of use Ka and effective cumber

cf receivers , in tables 3-1 is determined tke coefficient cf

Smaximum



DOc 80040303 PAGE

Tha amounts of the calculated active and reactive power of the

group of electrical receivers it is determined frcm the formulas:

P.-KIP.., k W

wherq P.. - average,/mean active pcwer fcr the grcup cf electrical

receivers for most lcaded exchange, kW;

tg 0 - corresponds to tke characteristic fcr this group of

electrical receivers value of j hase node in the mode/conditicns of

maximum activa power.

Completp rated pouer is determined from the exrression,

S .yp.+Q. SkV (3-23)

calculated current - acccrdin to zhe formula

S (3-24)
S a,

where (, -nominal of tb line voltage, kV.

Power factor during the moae/conditions cf design load is equal

to: p
GMT- S-. (3-2)
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Pages 66-67.

Table 3-6. Relative values of an eatfective nuzber of electrical

rqceivers n in depEndiag on fl -

A%

1 1.5 0.91o.8 .a 10.75!.7 .65 10.6 0.3 05 04 . .5 03 o2 . 0 -

00 0,00 0,05 0.006 0.,007 0.007 0.0 0.01 0.011 0,013 0,016 0.019 0.024 0,03 0,039 0.05 0.073 0.11 0.18 0,34

6.01 0.000 0.011 0.012 0.013 0.015 0.011 0.019 0.0263 0.0 0,031 0.037 0.047 0.059 0.076 0.1 0.14 0.20. 0.32 0.5%

0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.04 0.04 0.06 0,06 0.07 0.09 0.11 0,14 0.19 0.26 0.36 0.51 0.71

0.06 0.03 0.03 0.04 0.04 0.04 0.05 0.06 0.07 0.08 0.09 0.11 0.13 0.16 0.21 0.27 0.36 0,48 0.64 0.81

6.04 0.04 0.04 0,05 0.05 0.06 0.07 0.00 0.09 0.1 0.12 0.15 0.10 0,22 0.27 0.34 0.44 0.57 0.72 0.86

0.06 0.06 0.06 0.06 0.07 0.0 0.08 0.1 0).I 0,23 0,16 0.18 0.22 0.26 0.33 0.41 0.51 0.64 0.79 0.9

0.06 o.06 (J.06 0.07 0.06 0.09 0.2 0.12 0.13 0.1 0.10 0.21 0.26 0.31 0.38 0.47 0.58 0.7 0.83 0.92

o.06 0.06 0.0 o.og 0.1 0.12 0.13 0.15 0.17 0.2 0.24 0,28 0.33 0.4 0.48 0.57 0.68 0.79 0.89 0.94

0.1 0.09 0.1 0.12 0.13 0.25 0.27 0.19 0.22 0.25 0.29 0.34 0.4 0.47 0.56 0.66 0.78 0.85 0.92 0.95

0.15 0.14 0.16 0.17 0.2 0.23 0.26 0.28 0.32 0.37 0.42 0.48 0.586 o.6 0.72 0.8 0.0 0.93 0.95 -

A
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KTqb1f- 3- Coo;vim 1 tc..

1 .5 0.9 0.66 0.6 0.75 0.1A . 0.55 0. 0.4 MI036 40 .0 lil.
04 0.19 0,21 0.33 0.X 0.29 0.33 0.37 0.4 0. 54 0.64 0 0 I.8 0 03 0.95

46. 0.24 0.26 0.29 0.32 d35 0.41 0.45 0.51 0.57 0.54 0.79 0.7 0.8 5 0.9 3 0.95 --

0.3 0.2, 0.32 0.35 0.36 0.43 0.48 0.53 0,4 0.60 0.73 0.8 0.6 0.9 0.94 0.96 - -

0.6 0.33 0.3 0.41 0.45 0.5 0.56 0.62 0.68 0,74 0.61 0.W 0.91 0.94 0.16

0.4 0.38 0.42 0;47 0.62 0.57 0.63 0.69 0.5 0.81 0.66 0.91. 0.93 0.5 , •

0.45 0,43 0.47 0.52 0.56 0.64 0.7 0.76 0.91 0.67 0.91 0.93 0.96

0.5 0.46 0.53 0.5&8 0.64 7 0,76 0.82 0.69 0.91 0.94 0,95

6.53 0.52 0.5? 0.63 0.69 0.75 0.52 0.67 0.91 0.94 0,95

6.6 0.57 0.63 0.9 0.75 0.61 0.87 0.91 0.94 0.95 -

6.65 0.6 0.66 0.74 0.61 *0.6 0.91 0.94 0.95

6.7 0.66 0.73 0.6 O.66 0.9 0.94 0.95 --

6.75 0.7 0.74 0.85 0.9 0.93 .g -

0.8 0.76 0.53 0.9 0.94 0.9 -

i.6 0. 0.88 0.930.2s

0.9 0.66 0.'j2 0.q5

0 0.96

NIote: :'or intermediate values *, and '* one should talke nea.-e-t

low values ".

I.i

AL
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Paqe 68.

During the determination of an effective number of electrical

receivers for a large ruuar that Leeding of lines, several

transformer points, distlibutive substations and the like is

allowed/assumed to apply tne simplified calculation procedure which

consists of the following.

For the individual linas cr the substaticns, for which earlier

were determined the values cf ncoinal power and effective number of

electrical receivers, are calculated the power cf ccnditional

electrical receivers frca tne fcmula
, , kW, (3-26)

where P, and n. - respectively rcainal power and effective number of

electrical rqceivers of tne line in guestion cr substation.

I'A
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Table 3-7. Coefficient ct maximua X, for different coefficients of

use K. in depending cn an ettctive number cf alectrical receivers.

0.1 J0,15 0.2 0.3 10.41 0.51 0.6 0,7 0j.9

4 3.43 3.11 2.64 2,14 1,87 1,65 1.46 1,29 1.14 1,05
5 3.23 2.87 2,42 2 1,76 1.57 1.41 1.26 1,12 1.04
6 3,04 2.64 2.24 1.88 1,66 1.51 1,37 1.23 1.1 1.04
7 2.88 2,48 2.1 1,8 1,58 1,45 1.33 1,21 1.09. 1.04
8 2.72 2,31 1,99 1,7'2 1.52 1.4 1.3 1.2 1.08 1.04
9 2,56 2.2 1.9 1.65 1.47 1.37. 1,28 1.18 1,08 1,03

10 2.42 2.1 1.84 1,6 1.43 1,34 1.26 J,16 1,07 1.03
12 2.24 1.96 1,75 1.52 1.36 1.28 1,23 1.15 1,07 1,03
14 2.1 1,85 1.67 1.45 1.32 1,25 1,2 1,13 1,07. 1,03
16 1.99 1.77 1,61 1,41 1.28 1.23 1,18 1,12 1,07 1.03
18 1.91 1.7 1.551 137- 1.2 6 1,21 1,16 1.11 1,06 1.03
20 1,84 1,65 1.5 1.34 1.24 1.2 1,15. 1.11 1,06 1,03
25 1.71 1,55 1.4 1,28 1,21 1.17 1,14 1,1 1.06 1,03
30 1.62 1.45 1.34 1,24 1,19 1,16 1,13 1.1 1.05 1.03
35 1.56 1.41 1,3 1,21 1,17 1.15 1.12 1.09 1.05 .02
40 1,5 1.37 1.27 1.19 1.15 1,13 1.12 1,09 1.05 1.02
45 1.45 1.33 1.25 1,17 1.14 1.12 1,11 1.08 1.04 1,02
50 1,4 1.3 1.23 1.16 1.14 1.11 1, 1.08 1.04 1.02
,60 1.32 1.25 1,19 1,14 1,12 1,11 1.09 1.07 1.03 1.02
70 1.27 1.22 1.17 1,12 1.1 1,1 1.09 1.06 1,03 1,02
.80 1.25 1.2 1.15 I11 III 111 1,08 1.06 1.03 1,02-
90 1.23 1,18 1,13 1.1 1.09 1.09 1,08 1.05 1,02 1,02
100 1.21 1,17 1.12 1,1 1.08 1,08 1,07 1.05 1,02 1,02
120 1.19 1.16 1. 12 t.09 1,07 1.07 1.07 1.05 1,02 1,02
140 1.17 1.15 1.11 1.08 :06 ,.06 1,06 1.0.5 1,02 ,.02

0 1.16 1,13 1.1 1,8 1,.5 1,05 1.05 1,04 1.02 1,02
180 1.16 1.12 1.1 1.08 1.05 1,05 .05 1,.04 1,01 1,01
200 1.15 1, 12 1,09 1.07 1,05 1.05 1.05 1,04 1,01 1,01
220 1.14 1.12 1.08 1.07 1.05 1.05 1,05 1.04 1.01 1.01
240 1,14 1I 1 1.08 1,07 1,05 1.05 1,05 1.03 1.01 3.01
260 1,13 1,11 1,08 1,06 1.05 1,05 1.05 1,03 1,01 1,01
280 1.13 1.1 1,08 .06 1.05 1,06 1.05 1.03 1,01 3.01
300 1.12 1.1 ,07 1,.06 1.,04 .04 1.04 1,03 1.01 J,01
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Page 69.

In this case is nct ccnsidered the load cf stand-by electrical

reccivers, repair arc %elding transformers and other repair

electrical receivers, fire pumps, cr electrical receivers, which work

short-term (drainage pumus of gate, valves/gates, plate locks, etc.).

The load of such electricai receivers is considered only during the

calculation of feeding these receivers lines and lines, which feed

rower distribution pcints, to %nicn they are ccnnected.

The d:terminaticn of aa eftaczive number of electrical

receivers, coefficients cf aaxiaiu and demand for the conditional

electrical receivers, calcuiated according tc formula (3-26), is

conducted by the method, preseazad above for the individual

receivers.

During the final peg count suamary must be taken into

consideration the reactive Ecwdr ot those ccnnected of the

notwork/grid of capacitcr banks (Fcver of batteries of static

capacitors/condensers are ccnsidered with the sign "minus"), and also

loss of active and reactive power in the step-dcwn transformers.

For the elpctrical xeceivers bith the slightly varying in the
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time load (pumps of water sujFjy, tans, heating and heaters,

r.sistance furnaces, etc.) tke ccelficient of demand can be assumed

equal to the coefficiert of the use:

K.-Ka. (3-27)

Thi method of determiainj design loads presented is reccmmended

to apply at all steps/stages and tcr all elements of the system of

the power supply of industrial enterprises withcut the introduction

to the calculations of the reducing coefficients. Is allowed/assumed

th; use/application cf a cceftacient ¢f Farticipaticn in the maximum

in limits of 0.9-0.95 in cases when during the determination of loads

at the highast st~s/stages of tha system of power supply it is

possible to expect ncnccincidence in the time cf the maximally loaded

exchanges, and also during the tentative calculations.

Table 3-8 gives total acurs of utilization of maximum pcwer for

the lighting load of indtstrial enterprises.

Example to 3-1. In tae separation/department of the shop of

industrial enterprise is astarlished/installed the group of electric

motors to the nominal voltage 380V with the ccntinucus duty. By the

value of the coefficient ot use tan electrical receivers are

* divided/marked off into three subgroups, for each of which Table 3-9

shows a number and the jcwer of engines, total nominal power, values

cf the coefficients of use and Fcwer.

I
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It is necessary tc determaine jellign loads for the entire group

of thq elnctric motors cf sejaraticn/dipartzert.

Solution. Are determined valuas tgy cn Tables 1-2 in

depending on values coss (untained valuqs are shown in Table --9).

For each of the sutrcups ct engines are determined average/mean

power for th - most lcaded excharge.

iii
2S
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Page 70.

For the first subgrcup average/mean active power on (3-12) is

=Qual to:

p,,t266"0,6-160O

Kcy: (1). kW.

avarage/maan reactive pcwer cn (3-8)

q c- 160. 0,62- 9 gan 1.

K,4y: (1) . kilcvar.

Analogously are detErmined average/mean pcwer for the second and

third subgroups cf Alectric m¢tcrs.

Th- total avarage/ean active and reactive power of the

scparation/derartment c± shcF rcr the most lcaded exchange are equal

respectively: P.-160+126+34-30

Q..-99+111+45-
2 5 .

Key: (1). kW. (2). kilcvar.

I

I
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TaDIo 3-8. Annual total houzs ct utilization cf a maximum lighting

load.

( ) Po* oc nrrTeab.ROM warpy3x, WL"I Madx
eUWAubHG* WM.

( 2)) BxYmPernmet ocfeuouoi d~tig 2eoapaLLI(cxux uwpam40-60"
(&) P&6oqee acet m:

) ripO oAco e....e . 1...............150-400
( .)piBvx cmeax. ............... 1 750-2000
k~ln pex .e.c.x ................. ... 3800-4300

CS) AsapA.*oe omaee ocae ....... .. .. . 4800
(5t) ~Ufio.ThffTe-ib&ime CSCTaMhRNKH aslpwIhoro ocftileANxn. 41300

(1o) Hapy m, oceeu4eufe (d.ts acex utapom)

(9) Pafotee ocaeuxeie iaaoozcxxx reppuropuft, *m'1aeuae
e~mecvro4Ho:

la) am60 " On b .. . ..... ................. 3600
'0.2o 1 . 240................... 240
,4)zo 24 ,. ..................... . 2100

Q)To , emaoeIae pados.e A rN:
I VN1 IclO Hoqb . . .................. 30
o...........................2600

1o24, 1..... ..................... . 1750
.le)OxpaNtoe ocauemle. sL,moeuoe ewecyTo,4o Ha qo

. Hor..5. .. ..................... 3500
6 -"7)P6oqee oc'e;;me e TeppropNR noce.1 K, KIOaeuOe

*ecvTO4Ho:
Ma Eco II04b .o.. ...... ................. 3 500
o 1, . ............. .. ....... 2350

K-y: (1). Kind of lighting lcU. (i). Total hcurs of utilization of

ifaximum power. (3). Interior l.chting for geccraphical latitudes of

4€0-60o. (4). Is working illumination. (5). upon ons exchange. (6).

upon two ?xchanges. (7). u.cn tnrbe exchanges. (8). Emergency general

illumination. (9). SupplemdntaZy Illuminating lamps cf emsrgency

light. (10). Exterior liagntin (fcz all latitudes). (11). Are working

* illumination of plant territoriis, including laily (12). on entire

right. (13). to 1 h. (I4). 0to w4 h. (15). The same, including during



DOC= 0040304 PAGE /3

workdays. (16). Guard illuamindtion, including daily on entire night.

(17). Arz working illumunatica cf territcry cf settlement, included

daily. (19). Nota. Tctal hour- c utilization of working illumination

upcn one exchange for difterent geographic latitudes composes. (19).

Latitude, deg. (20). Tctal hcurs oz utilizaticn.

Page 71.

Avqrage/m4 an value

t7-2515 .

Total number of electric mcrcrs

4-2+3+6+4+6+ 10-31.

Th group coefficient of use for all electric motors is

de.-rninc-d on (3-12)
320

K,,- 2 -- 0,573.

For d'itermining tte coat±iciant of zaximum should be found thi

value of an effective ruUDer cr electrical receivers. Power of

the greatest Snginp cf rouj (Tatle 3-9)

Key: (1). kW.

the power of the saallest enqane

PKey (14 ,)k.K I Key: (1) . kd.

Ii
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E!l.ctric motors in lower ca 2.2 kW in this casr. are not

consider*d, since their total jcwer comprises less than 5o/o total

power of the group of the engiuis:
10.2.2

•100 = 3.93 9/ - 5%.

On (3-16) the value Cr the relation
100

According to data ct ilaxe 3-5 effective number of electrical

rpcpivers cannot b. equated tc their real numser and must be

1i4terminad according tc Taoles 3-6 in depending on values f and

As can be seen frcu3 nId 3-9, a number cf electrical receivers

in the grcup, the installed power of each of which is equal cr more

than to the half the pcwer cr iarjest/coarsest reciiver, nl=2, since

the half the power of larpest/ccarsest electric motor composes

100/2=50 k and number indicated it is limited to a number of engines

in power on 100 kW. The jcwez ct these engines is equal to:

ph-2-100-200 we.

Key: (1). ki.

we find values / and respctively through (3-17) and (3-18):

PW200 038. p.- - .38;

-. = 0.0645.

31
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On Fables 3-6 for cbtained values P and .' we determine the

rilativR valu! of an ,ftective rumer of electrical receivers:

1-0,

(according to note to tatlos J-6 for thi intermediate value cf value

" is accepted nqarest saai.er value ,)

Page 72.

An qffctive numbez oi e±ectrical receivers is determined on

(3-20) :

In depending on t1e value c± the group ccfficient of use

K.-057; and effective nustex c electrical receivers %- 1 . 8 in Tables

3-7 by method of interpclatica we datermine tb value of ths

coefficient of tho maxizum:

/(.- 1.24.

Tha values of the calculated cnes of the active and reactive

power of the separatior/de~artzenr of the shc of enterprise are

determined on (3-21) and (3-21) :
0-124-320-397 Wr.

Q-397.0.8,-318 xs T

Key: (1). kW. (2). kilcvar.

The amount of ccmFlete rated iowqr cn (I_-23) is equal to

SSrV't9 9+318'-50 kVA, and ccafZicient of pcwer cn (3-25)

m 97 8,'o, ,-
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Example 3-2. To deterzns d esgn loads fcr the lins on tbh

rotinal voltag- 6 kV, rowear.n tour shop TP, for which ty

Drecompu+ation wer datezained tne power and an effective number of

electrical receivers, and alsc average/mean active and reactive power

for th? most loadad excnangi (sea Tablz 3-10).

ThR total power of coanected to the netwcrk/grid capacitor banks

composas 650 kilovars.

Solution. We dstarmin tna coafficient cf utilization of all

conn3ctsd to tha line electrical receivers in (3-12):

a-- 0.473.

... . . I"
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-rltble 3-9. Calculaticn daza tor exampla 3-1.

KW . qC? M HowsNaAsbas uoM- C7.) -

rOCTbSleuxp.rpH,,iOt' . -- I(O. 3a .a ee

- z Matpywen.

X0 2;. 0A atcvI I, r061I
0! 26 0 0,8 0.210 9

4 2.2 114 ).3 0.0 1.33 34 45

3 4 17 6 4 10 .1 4 0. . . 4 4
') l iSi scel rpynnyu a OB ie ponp. 560 0,573 0,78 0,80 320 255

n] Pl a V 0 q aWa.. 8 p z cewS X C .TM UZ~ ya3QX3 3aVMWa e ua* aMU.
CanuNwe S.i,-#H"W onpeAeneM Win npM peweama ipUeps.

Kay: (1). Quantity and ncainal pcwir of electrical receivers. (2).

Average/mean pover for zcst icaded exchange. 13). subgroups of

slectrical recaivars. (4). 4uantiry. (5). pcwer kM. (6). Total power,

kW. (7). Coefficient of use. (d). Eower factor. (9). active, kw.

(10). rqactive/jet, kilcvar. (11). For entire group of electrical

rceivers. (12). Note. In rhe zirst seven columns are shown the

assigne4 magnitudes. 8eaining values ware specific during the

solution of an example.

Page 73.

ie determine thq pcbez ci conditional electrical receivers from

(3-26): for TP1

460 VP

* /p " "s6 = 17.7 ;I gey: (1). kW.
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for TP2

1200IF(" 7j3- = 26.7 ICSM A-

K--ay: (1). kw, atc.

Th4 results of calcuidcicn ara shown in Tatle 3-10.

we compute tha relation ot tne power of the greatest conditional

elactrical receiver and smailist on (3-16):

26.7
F- - 3.

Thi cbtained values o the coefficient of use and value a

sat.Isfy the indicatad into Tac.e 3-5 conditicns, consequently

.ffectivp number of electrical receivers for the line, which feeds

TP1-4, it can be accepted by tnk equal tc a tctal actual number of

conditional receivers m.-139.

Thi value of the coe±tciant cf maximum we determine on Tables

3-7 dqpend.ng on values Ke-.47 and as-3i.

K3-l1.06.

The values of design loads (Icwer) we determine frcm formulas

(3-21)- (3-25)

1. With off capacitcr banxs.

, :,-
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Active Powar

P- 1,06. 1I120-1l190 xev.

Thi reactive Power

Kl ilvr
Th-3 total pcwper

Kay: low). kYA.10

Current of the lire

Factor Of ths POvCI

1190 -T5Y 0 '550

2. with complqtely ccaaacted capacitor tanks.

Act! ve power (disrsqardia-- power losses in the

capacit3rs/condens-ars)

P-1 190,

K41 1. V
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The r=active power

Q-I 050-6W0-400 ,.ap.

Key: (1). kilovar.

Page 74.

The total power

S V Ygo' + 400'- 12 .

Key: (1) . kVA.

Currt n. of the line
1 250t- Vp--.-6

Factor of thp Powqr

1 1 9 0 , 0 9 5

3.2. Design loads of hatltarle and public buildings.

Design loads of hatitable and public buildings are determined

acccrding to "indications in accczdance with the design of urban

electrical n-tworks", l.. 1, "intratlock electrical networks by

voltage of up to 1000V in cities and urban type settlements" (SH

167-61).



DOC 80040304 PAGE

During the design cf tne group netwcrk/grid of apartmants the

minimum norms of spacific aesiyn loads should be accepted:

12 W/m2 - for illuajnaziny ct living reces and kitchens:

8 W/m2 - for illusirating th remaining locations of the

gen~eral/common/total use or tat apartments (hut not less than one

tube with a power of 25 k fcr aaca location);

30-40 W/mz - for the ajFliance lcad of living rooms and

kitchens.

For determining rated Fower ox the separate compcnents/links cf

the fee14ng intra-house li nting system of habitable buildings should

bs used th- data of "Tahle 3-11.

Design loads of habitable nouses for three basic versions of

.lectric rqquirements, detriined ty the degree of the

electrification of apartuents, are given in Table 3-12.

Thi values indicated consider the lighting and appliance loads

4 of apartments, ind also tne laqnting lcad of the public-housing

locations of habitable tuiidings with corresFcndinj coefficients of

+?mand and is not corsidered tne jcwer and illumination loads of the

self-containd in the adhinistrat4ve r-la.icn uninhabited locations.
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Tible 3-10. Calculation data icr example 3-2.

() CpeMISU lcxOc~b 3Sa VaM6- 4
Hoxuam- mce IarpyeM)eNy1 cMegy 3*k1CRTMWOO MM OCTb yC-

aN %aa. q*CAO SAeKTPO AONiOrO SACK-
YS ROC.b ." .pne.a4.mo ponpoemdHR

.. 4) pea ReHas Pn won

PC- main Qe. sop

1 460 280 240 26 17,7
2 100 450 340 45 26,7T

3 10 145 170 46 8.92
4 300 245 240 22 13.6

(2~eo2370 1 1120 M 9 in19

Key: (1). Average/mean cwer fot tne most loaded exchange. (2).

Nominal power kW. (3). Etfe¢czive number cf .lectrical receivers.

(14). Power of conditicral i=1kctrical receivar kW. (5). active

kW. (6). reactive/jet of xilovar. (7). In all.

Page 75.

For the cities with the pojulaticn to 20 thousand inhabitants,

with !xcption of plant setticnts, and alsu for the farmstead

buil4ings-up so-icific Ioads ar;e receivei by the same as for the-

citias with the populaticn tc 1000 thousand inhabitants, but with the

coefficient of lemand C.5-0.8.

During the design of intratlock networks/grids cae shoull for

the ;)asa accept design lcau oz cn apartzert (on atles 3-12) and

numbir of apartments, su~plieQ ty line or transfcrmer, with

II
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consideration the apprciridte coeiticient of demand (diversity

factor), determinel cn rabies 3-13.

During the design cz zne grouj lighting system of public

buildings, hotels, hostels dnd toarding schccls, public-housing

locations of habitable buildings (staircase, garrets and basements,

boiler, iRed Corners, etc.), aru also all remaining placed in the

habitable buildings uninhdbitea locations (ccmmercial and storage

location, workshops, studio, Larcazshop, administrative locations,

stc.) calculated load cre stculd determire according to the

illumination engineering calculation, accepting the coefficient of

lemand equal to 1.

Rated power of the rotwcrx/rid of the feed of plug sockets must

b_ determined taking irtc acccurt the power cf the connected

lsctrical receivars.

Design loads during tne intzoductions/inruts into the public and

public-service buildings are datarmined according tc the projects of

th3i- internal electrical equipment and el'ctric lighting. The

exemplary/approximate values ci tne values cf these lcads for the

most chdracteristic tuilainis are shown in Table 3-1i.

For determining design loads cf the public and public-service
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bui2Ain'js, in raference to zhd tusbars of transfcrmsr point, must be

considerred the coeff4iciert of tha demand (coefficient of

participationi in th,= max~muw)wacsz exmplary/approximate values are

q:.v n -17 Tablce 3-15.
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3-11
Tabl- 1. Specific design loads from the illuxinaticn and the

dome stic electric aopliances 1cr calculating the soaring network/grid

of habitable buildings.

Yaelban piqeTsIAD Nat rp3c. OTHeCCHMAN
a ,me iOd (onuannaaetoA) ouiagiH Kapr p.

Am ropoaou c wICaOMa AtIfTe.0e1. TWC.

YqMGK x"" I C"Tz ( I "e I 000

Ragnel* nuns K M R340

(') .AeT11..ne fmranu 20m.5

1 (c 'M ) .. . . ... 18 20 20 25

AU .. ........... 17 Is 22

Key: (1). Specific design lcad, in reference to the habitable (paid)

area of apartments, for tne cities with a nuater of inhabitants,

thousand. (2). S~.cticn of power line. (3). to. (4). it is more. (5).

with gasification. (6). witncut gasificatior. (7). Stairs feeding

lin~s (risers). (8). Intra-nouse feeding lines.

Page 76.

In the absence of precise data about the building-up of the

blocks of city in tha Frcjects, waich foresee the step by step

development of intrablccx netwcrxs/grids, one should take the

- averaged values of specific loads cn 1 M2 of the working (useful)

arei of public buildings accoraing to Tatla 3-16.

'I
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Taible 3-12. Specific design loads from the illuminaticn and the

domestic ele-ctric appliarces for ttne habitatie hcuses with the

apartmen's with dwellirg sj~ace CD the crder ef 30 3
2 .

cspesteoitaft Rpoeavmu* r
ypoe1b (190-1970 r.) a.

NO )Kn~ma a~~Tp cvprp ra-We
3H4IIK3Agar~ ("Pa 4ec; Malue

TUHUA neplioa):
A. ropoaa it nocenxu c

I II.18.. .. .... . . . 8 27
s.ropoij. c 4mc.om *xc- 1 5-

* 2. rTeR do.,Ce 1 14.11. . . 33 Is 23
)KII2 . hle Kgip-rHpbi 6e3

a3H11(aUHIIl - C orIenbiNH
nA~HT2aMH Ha rrepBom 3T96 ii

* nepcleKT1l8oA niepexoaa ma
cTaiwoIupite 9.1eKTPOIANThI:

A. ropoma i floceaKH c

I M.1H .. .. ......... 33 I5
5. ropOila C t4ic.10v ACH- 05

T eicfi 650 Tee I mil. 1.2 40 is
\O Al (nbe Kfl!PTlPbI C yC.

?a1ou.Mou1 KW(O HI~hiX 3. -cKrpo-
Hl1 a niepswm n'ane . . 4-4.5 133-150 44-50 50-55

(29) 11 P iiu e m mi 14wl . lPm KmwnoA an.Raqnamoa rviOu~am Kmflp1fpw
a fll~cz.. 31 253 .91 P2C4eTHbC ,.arp73XH X93pTHP nPUllNhamITCH 00

T36d.1 3-:?re vimp ?1ImillA. ;j..iR nap~TIp c )NHAOR fl. OIttAbI dO~fiCi 35 x'
-. w wCv~b Ut 23 Ali pjic-ieiue )IarpylllH fepeC'iiitrkorcs rio 0bawmlicitoB
Se.11Iflel 11.Y111311. HO N U4CN.iHU PaC'IbT~tJX NarpY30K 11PWIIMaITC11 RC dob-

ae'c. ~~1 no epawicinuio C iiarpyuauxM. YKX333HI.u 5 1 26.1. 3-12 ~AA
2. Prc~icqerr Harpyixl4 .. 1 neahPTP. 06OP7.1O3*NNUX KY)OIMI N )flOUTIIO

MANITriaW, n0otIeAit ro'iee,,:m rioc 110C.1 NMPHM4CIMAbHOf llP0UCKHI. MC~bW~t
eA vil lI1i ya.;asiuz a Tad. 3.12 pavieratux karpy~ox pexomtnayCICI nP3

NIIM~b no mipalawmm zucwpa.ii.~ooauinoro ropgogero 8oAoClRa6xceNR.
* 3. t~Pi ronTUecrayIDUl"N3 06oc,,oseillix. "airpNuep flpMf xN5AHIRM a flPoex

,rax low.@ yevpn4cre IA* votlntlUUoNKpo3anU S0iJ18. VSC8MTUUMe IlUr7y3K
L no"?v CnPrnumwmcs a noomwe~now no cpmefle"Wm C .AluwUM" TO". 3412

Key: (1) . Contemporary Oesiqned level (1969-1970) .(2). Types of

F aparta-its. (3) . Dasign load duriaj 5ntrCducticn/inFut into

apartment. (4I). Dqsi-gn Icad during i-ntrcducticn/input into house

* (with number of apartments, e.~ual to 30) W/M2. (5). Promising level



DOC =30040304 FAGE,

(1975-1980). Design load auring zae intrcduction/input into the hcuse

(with thr number of apartmants, equal to 30), Wlm 2 . (6) . KVM. (7)

W/m2 . (3). 1. abitable apartments with gasification (for entire

prcmisinq pqriof): A of city and settlements with number of

inhabitants to 1 millicn. a. Cicies with number of inhabitants are

mort thin 1 million. (9). 2. daLriable apartments without

gasification - with fire pidtes/slabs during the first stage and

prospect fcr transitior/juncticn to stationary electric stoves: A.

Citi~s and settlements wirta a rumaer of inhabitants to 1 million. B.

Cities with number of inhabitants are more than I millicn. (10). 3.

Hab!tabls apartments with installation of kitchen electric stcves

during the first stage. (1)). fictes: 1. With the habitable paid the

areas apartment within the limits cf 25-35 m2 design loads of

apartments ars accepted cu Ta¢ble- i-12 without the changes. Ycr the

aFartments with the dweliia sace more than 25 m2 or less than 25 m2

design loads are reccunted in tae actual value of area, but changes

in design loads arg accE~zea nc acre than tc 4-20o/c in comparison

with the loads, indicated in Tatla 3-12 for the apartments with the

dwelling space, the equal tc 30 m2.

2. Design loads fcr apartments, equipped by kitchen el.ctric

stcv~s, arg subject to refinement after experimental check. The

smaller values of indicated ir laal 3-12 dqsign loads should be

taken in the oresnce ct z;b canazalized hct wtqr supply.
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3. With corresocnding substantiation, fcr example with presence

in ,asigns of houses of devices/equipment for air conditioning,

calculated loads can bq accepzed ia increased in comparison with data

of Table 3-12 sizi/di ersicr.

Page 77.

In the prpcomoutaticas wiza tne rough estimata of the necessary

transformer power design load can te determined with the aid cf the

given total spe cific lcaa of all users of hatitabla and public-

public-service sectors, iz rezarrnce to 1 m2 cf the habitable paid

ar.a. For theb cont,.mporary aesaiqud level withcut the use/applicaticn

in the habitabls houses cf Kitcnen electric stoves the value cf

specific load it should te taren as equal frcu 20 W/mZ (for the low

building-up) to 30 W/m2 licr the multistage tuilding-up).

.1

I
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Tabl 3-13. Valu,.s of tne cceatlcient of dema.d for different

quantity of acartmnts, b-lCh cttain feed frci the line- or the

transformer point.

S o I = M I V1 40 1 0 100 2 W 0 0 6 O

-(3 ) Kmaaae itoma de3 maex- 0 524 .: OYI .3, 1.36• TPORSAiNT . .. . .. 0.7 (.6; 0.5 a .45 d;43 -.2 .1 t.r .T .4

, ))KMhl-e Ao*a C XY-
Suawa.........0.60 0.41 o .4 0o.35 4.331: I0 0.2I0.2 (1.2i 0.23Q n)?POUM?........ .7 , o. 0.4 5 0.4(, 3 |0. | 0. 0.3 0.3? ]0.36

f1 p mu e q a N X e. ripe 2an11 odocn Samitbil Aamiix. yqnju1mwM ZI OX ecTlme

Q weuwC-Ni. 3uae""m x Aj"uNCUvos cup"a 'WoryT 0pHII N4TbCi 9 yeASPeM1"Ol

muu wi aA. 3-13 vkuhepe. m. upNm I,*M . ,rom pagteiThre narpyjUm we lpem-

CanM YeTSMAMIJUM a ,rA. V11-I nlv W

Kay: (1). Numbsr of apattmiants. (2). IDasignaticn of users. (3).

Hahitablq houses without alectric stoves. (4). Hatitable houses vith

kitchen electric stoves. (5). Ncte. In the presence of substantiated

data that consider local siecial features/peculiarities, values 
of

the coefficients of deman theay can be accePted in the increased

against Tmkile 1-13 size/dimensiox, cn under the condition sc that

design loaJs would not exceed thcse established/installed in Chapter

VII-1 o! the PUE.

Table 3-14. Tentative design loads during the introductions/inputs

into tha public on-s to public-service buildJngs (illumination,

-electric appliances, electric actcrs, etc.).
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(I) teaamosm.lN Mpefteas j rpy3M..ga

3)G.umewrt Ha 200-400 qei ............. 50-100
"(4 rI0JVKl.llIl ia 750 noceliuelHA a aeIt .. . . . . 110-150
(S)BS bIdUb Ha 12,00-400 xoex ............ 255-450
I4OJb l

f
fN W Ha 50 xoe, ............... 50-75

E Cn ca i ka ia 150 mecr (6e3 3,eX-rpCnI-) .... 20-30&I)1€e cKe Rum, Ha 10O mecr (6e3 3.ieKTponaIRT) . • 25-35
TIIeicxue CaahA, cOmiumleUltr/e C RC.NMH. Ha 135 MecT

(C wTponamsal) ............... 70-75
QC1lJKoabI H2 "Cao mcT nopailo 1000 ........ 100-160

QItIll)Kobl~ ira 200-500 mecT ............. W0-90
(Qz.iToproeuie noucuerru, ia 15 pa'5o.rx MeCt ...... 20-30
Q'IT*l ce c 3JpeKTpo oaO.IO.hH~blUMu ycao.Ka . . 50-60
(I'b'rmeepmarN Ha 50 PaG0o'Rx mec? .......... 115-120

Jom ueinR 06 Cl lUiinoro rur1air Ha qnC.O xCeC no.
psaa 500 (caoaosbe. pecrOpa.H) ......... 160-210

M ~os ie iia 100--00 meT ........... 50-100
")](HOTeaTpWI ra 800-1 000 Mect ......... -150-180
tt.S)(No'eaTpuI Ha 300-500 mecr .......... 130-150

JA'taCTepCKHe R KO MIIlaTM 6bITOborO 06CyAYinaRR . 35-O
Vo3l'lpaqequ,.e Ha 1 400 cz e.1 bN a cmey ...... .... 80-105
( xiNm .a 50-100 mec-r ... .............. ... 10-20
I 2fioA'heUMibe cuosue yc'ra.om.a 8 U21uMX (JHIMmI)

No caMW .. . . ..... ................... 7-10

Kniy: (1). Dolsignation 0± user. (2). Design lcads, kW. (3). Hcstels on

20C-400 man. (4). Polycliaacs ro 750 visits during day, (5).

Hospitals to 200-400 ccts. (6). hospitals tc 50 cots. (7)

Kind-rgartens in 150 placda (without electric stovs). (8)

Chilirqa's creche in 100 iiacea (wathcut electric stoves). (s).

pkindergartpns, combined bith crecne, in 135 ilaces (with elsctric

* i stoves). (10). Schools tc nuarer of places cf order. (11). Schcols in

20C-300 placas. (12) . Ccmmercial Iccations in 15 work sites. (13).

Se-me-with electric ccolr installations. (14). Department stcres in

50 work sites. (15). Placements ci public nutziticn to number on the

crder of 500 (dining rccs, restaurants). (16). Dining rooms in

100-200 places. (17). Cin-maas i1 8U0-100C places. (18). Cinexas in

300-500 plac1s. (19). icrsancjs ana combines cf domestic service.

(20). Laundries on 1400 k; cf lintn in qxchango. (21). bath in 50-ICO

plac)s. (22). Lift pcwer plants in buildings (levators in section).

7
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Paq-z 78.

TablB 3-15. Coefficient cz pazticipaticn in th, maximum on the

t^-ansfcrmqr Point for thi .icoas or Public and public-service

bui Id i ngs.

()WKO.Tha. aeTCKle y~pe~ic~emN3. .ie'.e-
mwe y'apewMMSHHN fpeAflpIWThR afte-
cilemporo rnuraus x Owraowro o~cwy-
*M83HHU. .. .. . .... . ........ 0.6-0.7

QMarUMN. N 3PeaVUWbae lnPC~nPH~nrf 1.0
%'Gu~~anHe3M8HNN... 0.8_0 '9

(ftbbCOM ............aCO 0.5-0.8
(1 flpo.4ue cwionwe flpCMHHK . . . )CoimeCraeun x2ajHKTepy

HI pe60Th.

K;4y: (1) . Designation cf user. ( ) . Coefficient of participation in

waximum. (3). Schools, caildxan'.- institutions, th ?rapeutic

institutions, enterprises cr purl.ic nutriticr and domestic service.

(4i). Stores and entertairmant entarprises. (5) . Administrative

bu illIings. (6). Elevatcra. j7). Ctner power pcints. (8) . Acccrding to

character of their vcrk.

* Table 3-16. Averaged specizic 1cads during the introductions/inputs

* of public and public-servica tuilaings fcr the step by step design of

Inn--r-apartuent alectrica2. nerwor~s (including pcwer and oth2r

loae3).
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TaL1e 3-a'.-. __ _ _ _ _ _ _ _ _ _

j nposrTiu* ypeftab RFyaE UE

__________________________ (1968-1970 I?.) (1275'-100 i14

(S006zNaTM . 35 75
(L~'o~n~M lOIH.1NHN . . . . .. 35 75

QZ~WrCKNe y.4pe*IAeNR.I
1) 6e3 npIMemeHll! *JIX~p~aLlM#T

HS I1CpBOM naTfl.fl.e . 30 90
2) C rlPHMe1IeHKC Me3*TP0nfuRS MU

VqTyroaue nomeuxei 30 75
Qo1oprosbae nomeuenu C' ;O;OSRJ~b.-

NH~aM...................40 100

muemd )leXTponAT) . .. .. ....... 130 2W0
Q2'KumoleaTpui. .. .. ........... 70 200

Q3) p a u a % aa : i. m4a nepefte Ru 3mane aveimoAarge~ca nipmue~e-
11e 3ACKTPGCUCPtteN 2AS oaroaiewsgn g so1D &Co ac S . ..o. cOansann
C o6uecteHnmbis IIwannes (cToWoaue. AeTCIMe yqpe7mAeCln x AV.). a taIMe
no aeemete ycypokcre XAoWzRuOuONpNSa BWzYXs a izAMu.: c~onceboZ.

2. fPs '18,04118 UMmpAIuMuMOVRM~ ruPu.M 90INGAIM MxNu a 'pAua-
umn warpyma itemna ympznuia. etmoauxna pecropa4m0 c vauaEUU
aeuwmc Elm? CAaaT au"MM OOMMSMmUMA *UUP.'xT 0.9.

Cy:(1). Designed levei of loads, V.M2 . (2). Designation of user.

(3) . contF~mporary 1st szaysa (19ti-197O). (4). promising stage

(1975-1980). (5) . Hostels. (6). mospitals and pclyclinic. (7) .

Childran' S instit+uticns: 1) witiout use cf electric stoves during the

first stagq. 2) with the useapp~lication of electric stoves during

the first stage. (8) . Schools. 49) . Ccmmercial locations. (10).

Commircial locations with ccclars. (11). Dinirg rccms and restaurants

(wit'i use/application ox alectzic stoves) . ( 12) . C-inemas. (13-) .

Notes: 1. In the promisinj stage is assumed uss cf electric power for

tha preparation of food in all tuii~dings, ccnrected with the public

nutrition (tablo?, childrenis inttitutions, etc.), and also

* use/application of Aevices/aquiimeat of air ccnditioning in the

buillings of lining rocss, cinemas, 3tc.
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2. In presance cf csrazali2wd hot water supply tc specific loads

of chilren's institution. , dinILr rocms and restaurants with

use/application of boilinj tacles should be applied reducing

coefficisnt of 0.9.

Page 79.

Thi coefficient of damand during the determination of design

loads of the lines of retwork/yrid 6-10 kV takes as the equal to:

th-3 line of distrituticn Eetwcrk - C.9;

thi line of power line - L.81.

Example 3-3. It will aetermine the calculated resistive load of

transformer point in tbt city wita a numter cf inhatitants tc 1 mln.

mans/person from whom is cbrainad the feed:

1) four 50-apartment nouscs with the gasification cf apartments

with thq dwelling space ci 4acn oi apartments 32 M2 ;

.~ 2) school in 500 placiEs;
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3) dining room in iGO Fldces;

4) food store with electzic refrigeraticn installations in 15

work sites.

Solution. For ona ap4ztma t with dwelling space 32 M2 with

gasification in th city with a number of inhabitants to 1 mn.

mans/person on Tables 3-12 ratea jcwer is equal to 0.8 kV. The total

number of apartments in four houses comprises 4e5C=200 apartments.

Rated power 200 apartments without taking into account the

coefficient of demand is eual tc:

~A -.2W0- I 6o X".

Key: (1). kW.

Tha coefficiant of daand icz 200 apartments without the

electric stoves with tle 4asification is determined on Vmlie- 3-13:
I.-

Xe-O39.

Design load for fcuz habitable houses with consideration the

coefficient of demand ccuprises:

S-oX,39. 160-62.5 .
K y: (1). kW.

; 4
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Desiqn loads of putlic Duidings on entrance it is determined on

school in 500 olacex - 90 kw;

dining room in 20C Iaces - 1O kW;

food store - 55 kw.

The coefficients c. Pdrticitaion in the maximum of the users

indicated for thq transtcrer jcinT according to "'FcIe-. 3-15 are

equal: school and dining roca - 0.65; stcra - 1.0.

Design load of putl.c tuildings with ccnsideration the

coefficients of demand and partaci~ation in the maximum

p2,65.90+0,65- 1O+1.55-17.5 M.

Key: (1) . k 4.

ThA total calculated resistive load of transformer point

comprises:

9=qy: (1). kV.

-. P-SSiU21dj

A I .. . I I
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Pacg= 80.

Scticn Fcur.

SELECTION OF THE SECTICNS G1, ufiES AND CABLES ACCORDING TO THE

CONDITION OF HEATING.

4.1. Permissib! current loads ca w4 res, catles and busbars.

The permissibla curaat icad cn the wire, the cable or the

tusbar is determined frcm the relationship/ratic

fa-nka. (4-1)

where Ian - permissible Ercicnged current icad cn the wire, the cable

or the busbar under stendard ccaditions cf the separator (see Table

4-1-4-20 and 4-27-4-31);

K,. -the correcticn factcz, which ccnsiders changes in the

conditions of thi wiriry and catles and eqal tc the product cf the

s-parati corrqction factcrs:

(4-2)

Correction factcrs arE ccrlUAiered:

K, - an actual ambitnt temieratuze;

A.
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Ka - number of laid in the trench working cables;

K3 - conl-ition of the shCrt-ter ox intermittent duty of the

electrical rqc-4.ievrs:

K4 - section of cable and its 1ccation with the separator in the

blcck;

Ks - voltage of cable with tte separator in the block;

K6 - total daily mean Icad ct cables with the separator in the block;

K, - cable laying in twc paralil clocks of the identical laycut;

K9 - wiring in the ducts and the cautes/trays;

K9 - increase in the persissi±le lcad on the cables to 10 kV during

the emergency mode;

K1o- location of buspais on the isulatcrs.

The nermissiblq prclcn eQ current Icads cn the wires and the
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cabls are givAn in th: tioles tc: the ccnditions of heating with the

half-hour maximum currEnt icaa, which is the greatest of the average

half-hour current loads ct this element/cell Cf network/grid.

fCorrecticn for ambient temperature. By ncrmal ambient temperature

with the wiring and cables in air it is considered +250 C, also, with

h.- cablq laying in thF earTh/grcund or water of +15oC. At actual

t:mp-ratura of the air cr eartb/gicund, different from values

indicated abov-, is intzcducea ccarecticr factor K1 , determined from

-able 4-32 in depending cn the .pecified temperature of wires,

busbars cr strands of calla, izdicdt3d in Table 4-33. This

coefficient 4S racommendea tc apply only in the cases of considerable

laviation of tamperature ircm tne normal (areas of the extreme north,

cf the permafrost, tropics, etc.).

Paga 81.

For the bare wires ci air electric power lines by voltage higher

1000V correction factor ty the taemerature Cf aIr is nct applied.

Correction for a cuantaty of cables, laid in the

qeneral/common/total trencn. iit the separator in the

qeneral/ccmmon/total trrcn c acre than one cable is introduced

ccrrlction factor Kz, detarmined cn -ables 4-21. Unloaded reserve
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cablis in this case are not ccusidared.

If th- Part of thq casles, leid in the general/ccmmon/tctal

trench, is loaded complet.ly, and another part - only to 50o/c, then

during the determinaticn it tna load, permitted for the completely

loaded cables, are accepted cce£ttcients according to -rables 4-35.

Corrqction for the iarermittent and short-term operating modes.

During the intermittent cr shcrt-term mode/ccnditions of the work cf

electrical recsivers is inzioduced the correction factor, equal to:

K, 7. (4-3)

where PV - ths relative duration of operating cycle, equal tc the

ratio of timq tp of the stdzt of electrical receiver to the tctal

time of the duration of the cycle cf intermittent service te-
na- --

(4-4)

Coefficient K3, whicn ccnsiders the intermittent duty of

nlectrical r.ceivers, is in rcouceu for the ccpper conductors by

section not less than 10 mma ana aluminum ones by section not less

than 16 mm2 when the duraticn ci cEerating cycle does not exceed 4

min, and the duration ct rae sutseuent pause is not less than 6 min.

Ccrrection for the cailes, liid in thi blocks. Tha permissible

prolonged current loads tor run in the blocks ccpFer triple-ccres

cable3 se.ction 95 mM2 on tnj voitage 10 kV intc the dependence on the

I
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layout of block and location of carle in the block are given in Table

4-22. For other conditicns of tae separator cf copper cables in the

bIock a =- introduced the correctica factcrs: in the section cf cable

- K, in T46Cbi-. 4-23, tc the vcitage - Ks on Ta,6_ 4-24, for the

laily mean load of the cables, laid in the blcck, K6 on To61e-. 4-25

and to ths condition of sipardrcz in two blocks of identical layout -

K, on T4.ble 4-26.

Correction for the sepazatcr cf conductors in boxes and

chutas/trays. With the separator of conductcrs in the ducts, and also

the chutes/trays as teams tne =eissible pxclcnged current loads are

received with a number ci wires tc 4 on Tables 4-1 and 4-2 as for the

conductors, laid in the tubes.

With a number of sigulcanecus±y loadod ccnductcrs it is morq

than 4, laid in the tutes, tte duczs, and alsc the chutes/trays by

teams, loads on conductcrs must be accepted cn ables 4-1 and 4-2 for

the surface work (in the air) with the intrcducticn of correction

factor of Ke, equal for five-six ccnductcrs 0.68 for seven - nine

conductors 0.63 and for 10-12 conductors 0.6.

Page 82.

Current loads on the wires, laid in th- chutes/trays with the

' ,. -
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sinqle-row separator (rCt in tha beams), one should accept as for the

wiros, laid in the air.

Corraction for the canles with the pap.r insulation, which wcrk

under th emergency ccrditlcns. For the paper-insulated cables by

voltage to 10 kV inclusively, that work in the ncrmal ccntinucus duty

with the load, which dces act zxceed 80o/o cf permissible prclonged

current in the heating, cn tti period of the liquidation of the

emergency (not more than 5 days) is allowed/assumed into the hours of

maximum (by duration of mora zaan 6 h) overlcading tc 130o/o, which

is considered by the irtrcductacn of coafficient of K9=1.3.

Corraction for th: bustars during their attachment for the

insulators prone. The pezrlssible current lcads for the busbars of

rectangular cross section with their vertical run on the insulators

ar qiv-n in Table 4-3C. i-cn Icotaion of bustars on the insulators

* proni to thi permissible ioad is iatroduced ccrrecticn factor Kto,

Rqual for the busbars in baadwidtn to 60 mm 0.95 and for the busbars

in bandwidth of more than 60 as 0.42.

Durinc the determinartic cz the permissible loads on the wires,

run in one tube, zarc wcxking cr ground wire cf the four-wire system

of thre:-phasa current taainy ifnto account is accepted.
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Zerc conduictors in the tour-wire system cf three-phase current

must havf conductivity nct than 50o/o, but in the necessary

cas=es it can be increasEa tc 100c/c of ccnductivity of phase

conductors. Is permitted the use/aiplicaticn cf wires and cables with

th. smaller conductivity until tne change of GCST tc these wires and

cables.

E
According to the scluzicn Scyuzglavenergc No. 7/6-62 cf 17 March,

1962, in the four-wire nets c altzrnating current with the dead

grcund of neutral is allcwed/assumed to apply three-strand pcwer

cablis in the aluminum shall tc tne ncminal vcltage 1 kV with the us.

of their aluminum shells as the zero working wire, with exceFtion:

1) the dangerously Exjicsiv installaticns;

2) the installaticns in which during the normal cperaticn the

neutral current exceeds 75c/c ct current cf Fhase ccnductors.

In this case the peralssile irolcnged current lcads cn

triple-cores cable take as zte equal to the fermissible current loads

for the fcur-wiri cab -les kith the same secticn cf phase conductors.

For the cables, laid in air, the permissible Icng current loads

ara accepted for th . clearances tetveen tha cables with the ssparatcr

__''- "
III'.. AI . I I
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of them inside, also, cut of te buildings and in the tunnels not

less than 35 mm, alsc, buia thn sdiarator in the caannels not less

than 50 mm with any nurter of laid cables. Permissible prolonged

current load to the single caolEs, run in the earth/ground in the

tub-s without mechanical vantilaticn, must te accepted as fcr the

sama cables, run in the air.

With th- mixed catle laying the praissitle prclcnged current

loads are accepted fcr the section of route bith the worst thermal

conditions, if lngth cf this saction are mcre than 10 m. In the case

indicated with the large total length of cable route one should apply

the cable insert of larger section in order nct to increase the

section cf cable for entire elcrgamion/extint.

A\,
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Page 83.

Tabl 4-I. Wires and ccids wita the copper veins/strands with the

rubber and polychlorcvinyl insulation.

C.) Tam e uarpymkj*. a

Temonpo- QCV f7pomoaa. npomaomeuMe a o1,%4 rp)rt

ai~B en ja N rr §
to 0, .. .

0,5 I - - - -

0.75 Is -
1 17 Is Is 14 Is 143.5 23 19 17 16 18 Is
2.5 30 2? 25 25 25 21
4 41 38 35 30 32 27
6 50 46 42 40- 40 34
0 80 70 60 50 55 so

16 1o 85 80 7 80 70
25 140 115 100 90 100 85
35 170 135 125 115 125 100
50 215 185 170 ISO 160 135
70 270 225 210 185 195 175
96 330 275 255 225 245 215

120 385 315 290 260 295 250
150 440 360 330 - - -
185 510 - -
240 606 - - _ _
300 6 - -- - -
400 No - -- _

Key: (1). Currqnt loads, A. (Z). Section of current-conducting

v-5in/strani, ram2. (3). kir=s, Laid in one tutce. (4). Wires, laid

opened. (5). two single-canle. (6). thrai single-cable. (7). four

singla-cable. (8). onr twia-cored. (9). cn? three-strand.

\ 1
4' 1
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a3 mong ( Tosom.. "arvy3gu. a
TG(3 Q) flPasrna np.Aouen.Wem a bMfs TpyUANN .r, A,.,,n ,,."."%= AN AYX AN

cup"-.- Sibax C Mbaut M-Abi-S.

I I _____HU __ _ 1_ _

2.5 20 19 19 19 16
4 32 28 28 23 25 21
6 30 36 32 30 31 26

10 55 50 4T. 39 42 38
I. 80 60 60 55 60 55
25. 1 85 80 70 75 65
35 130 100 95 85 95 75

'50 265 140 130 12 125 105
70 210 175 166' 140 150 135

•96 25 215 200 175 290 165

120 295 245 220 200 230 190
15 340 275 255 - - -
185 390 - - - - -

240 465 - - - - -
300 535 - - - - -

400 645 - - - - -

Key: (1). Currsnt loads, A. (i). Secticn of current-conducting

vin/strand, mm2. (3). :ires, laid in onq tubE. (4). Wires, laid

opened. (5). two single-caieE. (6). three sirgle-cable. (7). four

single-cable. (8). one twin-cored. (9). cne three-strand.

*2.
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PagP 84.

Tabl. 4-3. Wire-s with tar coFcZ vains/strands with the rubber

insulation in the mqtal suielaiag shells and cables with the ccpper

ve.ins/strands with rubter insulaticn in the lead, the polychlorovinyl

and incombustible the ruor saills, armcred and not armored.

(I) ToxamU narpyna a. npoe90o a .a3mid

eq1mTOO OAWOU A& IAAMM ?pCXZNU

AgRAW. A92(t,)11P8 UPOuaAas

8 803Ay29 8 07'Ayxe MO 90A •=3AyXe -it

1,5 23 19 33 19 27
2.5 I 30 27 44 25 38
4 41 38 55 35 49
6 S0 50 70 42 60

I0 80 70 105 55 90
16 100 90 135 75 115
25 140 115 175 95 130
35 170 140 210 120 180
50 215 175 2M5 145 225
70 270 215 320 [80 275
95 325 260 385 220 330

120 385 300 445 260 385
150 440 350 505 305 435
185 510 406 570 350 500
240 605 - - -

KSy: (1). Currant loads, A, of %irms and cables'.

FOOTNOTE 1. Currqnt loads ralate rc the wires and the cables both

wi~th thi grcunding veir/=srand and without it. ENDFCCTNOTE.

(2). single-cable. (3). tw.Ln-coxeu. (4). three-strand. (5). Section

of curr--nt-conducting vein/stLard, mm2. (6). vith separator. (7). in

air. (8). in -.arth/grourd.

\A
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Tabl- 4-4. Cab!.es with tha aluminum veins/strands with the rubber

insulation in th=. lead, tnc jciycaiorovinyl ard inccmbustible the

rubber shells, armcred ard act axicred.

i Toam.. py-xu a. maeA

RmAYze I&WAYZSl I haA WSOAYXC 5. t.

2.5 23 21 34 19. 29
4 31 29 42 27 38
6 38 38 55 32 46

10 60 55 80 42. 70
i6 i5 70 106 60 90
25 105 90 135 75 115-
35 130 105 160 90 140
50 165 135 205 110- 175
70 210 165 245 140 210
96 250 200 295 170 255
120 295 2:10 340 200 295
150 340 270 390 235 335
185 396 310 440 270 385.
240 461 - - - -

Key: (1). Current loads, A, or cables. (2). Secticns of

currsnt-ccnducting v-ir./strand, mm2 . (3). single-cable. (4).

* i twin-cored. (5). three-strand. (6) . in air. (7). fn, gve" k.

Table 4-5. Cords movable hose lungs and average/mean, cables movable

hose heavy, cables mine fiaxxtle acse, searchlight and wires are

movable.

Mil
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(//?

U. Tom e W'py,. a. Wmypo& NpeoNa8 0 ffa6eACA'

AieDNul nEOuUllZMI ly31ihM i 1 TpoImNN ,,M

0,5 - 12 -
0.75 - 16 14
1.0 s- 16
1,5 - 23 20
2.5 40 33 28
4 50 43 36
5 65 55 45

10 90 75 60
16 120 95 80
25 160 125 105
35 190 150 130
50 235 185 160
70 290 236 200

Key: (1). Currqnt loads, A, of ccrds, wires and cables'.

FOCTNOTT t. Th-y relate to cords, wires and cables both with the

qrcund .g vein/strand ano bitbcuTz it. ENDfPOCINOTE.

(2). Section of current-caductin vein/strand, mmz. (3).

Single-cable. (4). twin-cared. 15). thres-strand.

*

11

II m i m m , I.... . - . ..!, , ! :' .
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* Pagiz 86.

Tabl- 4-6. Cables movable acsa Aith thq rubber insulation for the

cat miairg 0nt-rprises.

Caq ume*Tas= a. Xa6e*f XaQPNJmeCA. X.
0.5 1 l__,__..__.____.___3 1 6

6 44 45 47
10 60 60 65
16 80 80 85
25 t00 105 105
35 125 125 130
5o 155 155 160
70 190 196.

Kay: (1). current loads, A, ot cables by voltage, kV. (2). Section of

current-canducting vein/strand, a.

Table 4-7. Cables are hcee wirn zne rubber insulaticn for the movable

.lectrical receivers.

()Cewe TO ROWO T Nos V:r;3KR. a. Taow map3'I
(ILI sOWiIRfh* ie. So j f t HNOM'. so

T --3.-- 6 3 -

I. G"5 90 70 215 220
25 335 120 95 260 265
35 140 145 120 306 310
50 175 180 150 345 350

Key: (1). Curr+nt loads, A, cn cables to voltages', kV.

FOCTOTE 1*. Currant loaas CEldtG tc the cables toth with the

grounding vein/strand and withcut it. ENDFOCINOIE.

I
.-V
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(2). Sf-cticn of current-conduczing vein/strand, Wum.

Table 4-8. Wiras with the coier veins/strands with rubber insulation

for thp r-lictrified transport tc voltagas 1, 3 and 4 kV.

cITeON Tawn- m eeee Tomo- ? otoma
*~oo~~h N Tyu a. otorpnau- uarpy3ka. IoposoAamy 1 iiroy3RI.

118. MA a Ui]M )RIA. hA a' 0 ILl, . O -

1,0 20 16 115 120 390
1.5 25 25 150 150 445
2.5 40 35 185 185 505
450 50 230 240 590
6 65 70 285 300 610

to go 96 340 350 745

Kay: (1). The section cf rhcsr conducting curx nt strands, mm2 . (2).

Curr3nt load, A.

ajq
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Page 87.

Tab! 4-9. Cablis with tha ccizer veins/strands with the paper

insulaticn, saturated laa cil-rcsin and which not discharges by

massis, in the lead cr aluminum snall, run in the iarth/grcurd.

(I) Tom ame ary Iy3U a

(o cemume 3) 1(3) TpexzAshmme xa~eis
o4 eI [ ~bItue mxb • IINbHe c AbMe

XNAM. mAX NadeAm A0 uNaj' Aif 3a , ma K8 l A 0I in* I I No

2.5 - 45 40) -

4 80 60 55 s o 50
6 305 80 70 - - 60

10 140 105 95 80 - 85
16 175 140 120 105 95 115
25 235 185 If 3. 13 2 150
35, 28 223- 190 160 150 175
so 360 270 235 200 180 215
70 440 325 285 245 215 265
96 520 380 340- 295. 265 310

120 595 435 390 340 310 350
150 675 500 435 390 355 395
185 755 - 490 440 400 4350

0240 880 - 570 510 460 -
300 1000 - - - - -
400 1220 - - - -
5oo 1400 - - - - -

625 1520 - - - - -

Soo 1700 - - - - -

Key: (1) . Current loads, A. (Z) . Section of current-conducting

ve in/strand, mm2. (3) . lriie-cczaas cable. (4I). Singlq-cora cables tc

1 kV'.

FCCT'I0TE 1. For the work with dizect current. ENEFOCTNOTE.

(5) . Tvo-core cables etc 1 f. . Four-virs caties to 1 kV. (7) . tc

3 Mv (3). kv.

/-1*
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Table 4-10. C.AblEs wit- tn" cip-er veins/strarl1s with the papar

insulaticn, saturatmd wita cii-rcsin and whict rot discharges hy

masses, in the load coveriLAg, run in th water.

0 . I Tami0 150 5
:1"Mme Tomgae

@*aaaiefl A A. j\ (NJW)M Tpx KbjeadCAs

16 - 135 120-
25 210 170 150 196P
35 250 205 180) 230
50 305 255 220 285
70 375 3M0 275 350
95 440 375 340 410

120 506 430 395 470
150 565 500 450 -
185 615 545 510
240 71$ 62 585

K2y: (1). Curr: nt loads, A. (z). Section of current-conducting

v'-ir/strand, am2. (3). Triple-ccras cable. (4). Four-wire cables tc 1

kV. (5). to 3 kV. (6). k .

• -r
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Page 88.

Table 4-11. Cables with tne ccjper veins/strands with the paper

4nsulatica, saturated with c±i-rcsn anI which rct discharges by

masses, in thc laad or aiuainum snell, run in the air.

) Ta0coume IuarpyKac a
Ceqe.m C
Ceaenue (3)0 Texxtaimme xadean ""ow Dz

u IA4x~mfbide AMHAb'&e (X)R NLb~be
-o I A, | ol

AIMM. - R.im - IC6C1II -d j
aet AO I ffe* A0 A0o3 KID 696 I0

2,5 40 30 28 - - -

4 55 40 37 - - 35
6 75 55 45 - - 45

10 95 75 60 55 - 60
16 120 95 80 65 60 80
25 160 130 105 90 85 100
3.5 200 150 125 110 106 120
50 245 185 155 145 135 146
70 305 226 200 175 165 185
95 360 275 245 215 200 216

120 415 320 -:85 250 240 260
150 470 375 330 290 270 300
185 525 - 375 325 305 340
240 610 - 430 375 350 -
300 720 - - - -
400 880 - -.

500 1020 - --
625 1 180 - -
800 1 400 - --

Key: (1). Current loads, A. 12). Ssction of current-conducting

vein/strand, mm2 . (3). lriple-cczes cable. (4). single-core3 cables to

1 kVt.

FOOTNOTE 1. for the worK wtii the direct current. -NDFOOTNOTE.

(5). two-core cabl-s tc 1 KV. (6). Four-vir cables to 1 kV. (7). to

m 1 ,:- . -+:IL . +. . ,._ . _ __ . = , ...
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3 kV. (3). kV.

Tabl; 4-12. Cables with taa alualnum veins/strands with paper

insulaticn, saturat :d bita cii-rcsin and not discharging masses, in

the lea.] or aluminum shell, run ia thq eartb/Srcund.

- Q T Thmwe " rpy. 1. I

~(~) (T) Tp~zm a~eff lffej~

vo.i&3W1'ft ,Wlh..e W.1.m.Ile EJb~
334HAW. MA

3  
Mae)5I all ~aea

A I x 3 6wg los o I we

2,5 - 35 31 - -
4 60 46 !42 - - 38
6, 8o 60 - -- 46
to, 1101 o 75 60 - _

S13 12 90 80 75 go

2-. ISO 140 125 205 90 215
35 220 175 145 125 H15 135

* 50 275 210 280 155 140 16&
70- 34 250 220 190 165 200
95 400 290 260 225 205 240
120, 460 335 300 260 240 270
150 520 385 335 300 275 305
185 583 - 380 140 310 345
240 675 - 440 330 355 -
300 770 - - - - -
400 940 . . .
500 1080 - - - - -

625 1 170 .....
80 1310

Key: (1). Curr-nt loads, A. (2). Section of current-conducting

vein/strand, MM2 . (3). Iri.le-ccre- cable. (4). Single-cori cables to

1 kV'.

FOOTNOTE 1. for the worx wiz tne a0rect current. ENDFOOTNOTE.

(5). two-core cablss tc I xV. (o). Four-wire cables to 1 kV. (7). to

3 kV. (9). kV.
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Paqe 89.

Table 4-13. Cables with alusiaua veins/strands with the paper

insulaticn, saturated vita oil-rcsin and whict rct discharges by

masses, in thi lead covering, run in thR water.

(1) Tomomum Har y3a. a

lemme mxo)TpezRm 'a

I 3.e 1, to 0N

IS- 105 90 -

25 160 130 i5 150

35 190 160 140 175
50 235 195 170 220
70 290 240 210 270

95 340 290 260 315
120 390 330 305 ,iO
150 .435 886 845,
185 1475 1420 :60
240 5o 14-0

Key: (1). Current loads, A. (2). Section of current-conducting

vain/strand, mm2 . (3). Iripie-ccras cable. (4). Four-wire catles tc 1

kV. (5). to 3 kV. (6). xV.

[.1
i'7
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Table 4-14. Cablqs with ta4 aiusiaum veins/strands with the Faper

insulation, saturated wita oil-rcsn and non-flwing masses, in lead

cr aluminum she.ll, run i& toe air.

( ) (o) Toxcave tiatpy3ma. a
Cevnewe- - 2 Trexz K6

)

. nA . xa d n Wa e .l() RahIfE
_ 1 A i go- A0go 0o3we los O. o I ao

2.5 31 23 22 - - -

4 42 31 29 - - 27

6 55 42 35 - - 35

10 75 55 46 42 - 45

16 90 75 60 50 46 60

25 125 100 so To 65 75

35 155 115 95 4 8o 95

50 190 140 120 It0 105 I10

70 235 175 155 135 13D 140

95 275 210 190 165 155 165

120' 320 245 220 190 185 200

IS0 360 290 255 225 210 230

185 405 - 290 250 235 260

240 470 - 330 290 270 -

* 300 555 - - - - -

400 675 - - -

500 785 - - -

625 910 - - -

a0 loo - - -

Ksy: (1). Current loads, A. !) . Section of current-conducting

1'
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vein/strand, tur 2. (3). Irip~le-cczas cable. (4). Single-core cables to

1 kV'.

FCCTMOT" t. vor th'e woril with tte airsct current. ENDFOOTNOTE.

(9). Two-cora cables tc 1 xV (6). Four-%ire cables to 1 kV. (7). to

3 MV (3) . kV.
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Tablr; 4-15. Cables with ta6 sEjarately lead-lined ccopper

v-ins/strands are impovezis5ned ty the saturated insulation, run in

the aarth/ground, the air and the water.

. Toul.e harp,~rnl. ai. tpIuNI~bGM2 gadell8 I.aapExeH.eM. we

-" I
Im s I13ye I~

-NW V7 .z~ia~MeJYe
16 90 80 115 - - -

25 125 105 155 110 t0 140
35 155 125 195 130 120 170
50 185 150 230 160 145 210
70 225 190 280 200 180 255

95 270 230 340 250 220 305

120 310 265 385 290 255 360

150 355 310 450 355 295 405

Key: (1). Current loads, A, ci trijle-ccres cable by voltage, kV.

(2). sacticn of currpnt-ccnducting vein/strard, ,m2. (3). in

carth/qrcund. (4). in air. (5). ia water.

Table 4-16. Cablis wth tne saarately lead-lined aluminum

v;ins/strands with speciai y saturatad insulaticn, run in the

earth/ground, the air and the water.

1;.
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(1?WM4i Eaf 9m. 96 Ptz85A&NMZh XadeA9A 4AflAMMUMCM. S

a 3emao a 93AY'ZS a 90* 2 3eA a uyxe T.)

16 70 60 90 - - -

25 95 80 120 85 75 110
35 120 96 I5O 100 90 130
50 140 1U5 175 125 110 160
70 ITS 145 215 155 140 195
96 210 175 260 190 170 230

120 240 206 295 225 195 275
150 275 240 345 260 225 310

Ka-Y: (1). CUrr,-nt loads, A, OZ 'criJ19-cores cable by voltage, kv.

(2) . Sctjcn Of curr$?tt-cOndUCtiIg Vein/strard, M02. (3) . in

earth/g--ond. (4&). in ar. (5). in watar.
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Table 4-17. Cables with tae cc~jez veins/stranas are impovqrished by

.h saturated insulaticn in tn4 gensral/commcr/total lead covering,

run in the ear'h/ground, tne air aEd the water (three-strand, 6 kV).

s iemaoe %n p . ~ - : I(o~meu.p~u
, Knp~ . 1' S , ~ 7

AW1W W
1  

* ,Ile " ,I ue -"

16 90 55 too O 220 170 275
25 120 90 140 95 265 210 335,%5 145 Ito t "15 120 "310 24" 8
so 180 140 220 150 35 29 0

Key: (1). Section of the current-ccnducting vein/strand, mm2 . (2).

Current loads, a. (3). in Earch/grcund. 14). in air. (5). in water.

* Table 4-18. Cables with tne aluminum veins/strands are impovirished

by the saturated insulatioa an tba gen.ral/ccmmcn/tcta1 laad

coverinq, run in the eazth/grouzd, the air ard the vater

(three-strand, 6 kV).

- . . 3' I ' I 
-
M a . a d. m,. _,

RANa_0_1 I*,10 .

- !B 70 50 75170 170 130 210
.5 0to 95 206 160 260
35 10 85 135 20 240 90 29650 1 40 Ito0 170 150 275 25 345

Key: (1). Sqcrtion of the curzdn -ccnducting vein/strand, Mi 2 . (2).

Current loais, a. (3). in efrth/qLcund. (4). in air. (5). in water.
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Table 4-19. Cables with tna ccrer vein/strand with thq paper

saturatid insulation in tad liad covering unarmcred, run in the air

* u Tnvwe -fagpy3190. 40.

(sin Tl - b).) n I ~

- 0 0 r) .3 5
I.2.5 t 35 - - 120 330 3CO 28S

S 501 -- - 150 36, 32,5 310

64 )'i - -- iRS • 3M 5 0 33 .,5

75 - 240 45 395 380
i 6 121) tln 90 3M 464) 42 40,5
25 i4 135 125 4k0o 485 4 425

35 170 155 145 500 505 460 445
,50 215 190 625 525 -
70 26D 240 225 8M. 556)
96 305 280 265

Ksy: (1). S-ction of tha current-conducting vein/strand, mm2. (2).

Currtnt Icads, a-', cables oy voltage, kV.

FOCTNOTE 1*. Currant loads relate tc th- work cn alternating currant;

in this case the laad ccvarinjs ara connected in they are grcunded at

both snis/leads; a numter by series/row cf lying/horizontal cables 3;

the distance between the cables in the light/world not more than 125

and is not less than 35 am. !LICCINOTE.

(3). to.

ii. I
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Table 4-20. Cables with tne aluminum vein/strand with the paper

saturatid insulation in tac lead covering urarmcredl, run in the air

(single-catle).

A lmnel g-I i r.I-, " ' 'I,.. CYX 3 1 5°
2.5 2-7 1 - 20 255 220 22tj
4 38 [so 275 250 240

- 6 46 - 185 295 270 260
10 ~65 60 - 240 335 3r5 2~

* Is 91) 85 70 300 355 325 -310
25F 95 400 375 340 32,

35 130 120 11G 300 390 355 340
so 165 155 145 625 405 - -
70 200 185 175 8 425 - -
9S 235 215 205

Key: 1). Section of curzat-conducting vein/strand, MM 2. (2).

current loads, C-, cables bj voltage kV.

FOCTNOT, I. current loads relate tc the work cn variable/altsrnating

th- cur:=nt; in this case rhe leaa coverings are connected and

grounded at both andslleas; a numicr by saries/row cf

lying/horizontal cables 3; zhe distance ketween tha cables in the

light/world not mori than 125 and is not less than 35 am.

ENDPOOT.OTE.

(3). to.

p
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Table 4-21. Correction factor K2 rc a number cf working cables, which

1i nixt at tha zarth/grcuad ia ta; tube3s and witbaut the tubes.

I I I
(.as pcc'm,,,m s cwe~y[

10tO0 Anu . .. . .. 1.00 0.0 0.85 0.801 .78 0.75

(,To e "M nU .. .... . . ,00 0.92 0.87 0.8410.82 ".RId r. *v3 t. .. . . . . .00 0 .9 0. 8 , ,86 0.85

Key: (1). Number of caties. (2). for clearance 100 mm. (3). Then 200

IPM.

I
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Tab1 4-22. Filling of t0CcKS wata cables.

4(AiReN9ou'ypaLmo AIe

M2 R le 2 17J

ULL1

E373

3 132

_ _ _ _ _ _ __ _ ifl

~~Ito

Noe h uratlas ~a~yv~ifrte alswVhtecpe
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jL vsins/strands by sectica 3x95 mmz on the vcltLag,3 10 kV. Fcr cther

conditions ar in'troducto tna ccrrection factcrs in-Tables 4-23,

4-24, 4-25 and 4-26.

Key: (1) . Group. (2) . layout of bhiccks. (3) . channal.

Table 4-23. Corricticn factor , to ths secticn of cable and its

location in the block.

cmma~mpo- ~wa"m3O,0*02nen~a apa Noame" xam .a

(3i3maqeuu a"".____ ______ ____MMAM. 2 3 4

25 0,44 0.46 0.47 0,51
35 0.54 0.57 0.57 0.60
so 0.67 0.69 0.69 0.71
70 0.81 0.84 0.84 0.85
95 1,0D 1.00 1,00 1.00

120 1.14 1.13 1.13 1.12
ISO 1.33 I 1.30 1,29 1.26
15 1.50 1.46 1.45 1.38
240 ~ 1.78 1 .70 1.68 2.55

*Ka~y: (1) . Section of the curzent-ccnducting vein/strand, MM2. (2).

valuis of coefficient %ith numcer cf channel cf tiock.
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Tabl1 4-24. Corr.cticn ractor K to the voltage of cable.

3"M'--1 - -t ............. ... ' I. I o 3

Kgy: (1). 3ominal voltage, kV. Cs). to. (3). valuas of coefficient.

Tabl) 4-25. Correction ieccr K6 zor thi daily mean lcad of block,

&Tt:-rmined in iepending cn tha ratio of the daily mean transmitted

pow-r to the nominal.

................ .......... . . 0.

... ... .. . . 1.07 11.16

y: (1). Values of cocificient.

Tabl_ 4-26. Coqfficient 97 cf aecrease in the permissible current

load on thR cables, run in zba jarallel blocks of identical layout.

e "au &" am. MA 50 IS 200 1506 3=0

3-a 4 dms oso ws, .a 0.85 I 0.9 j0.9, 0.93I0.9610.96

KI3y: (1). Distance between blocks, mm. (2). Values cf coefficipnt.

, -i ow ,7
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Tabla 4-27. Uninsulatad c{jper, aluminum and steel-aluminum wires

(GOST 839-59).

( t) (Meame Al, ami M..n N. M-eae

_ - go ar- owar. T 77 ar-
Pp- . a • ,%

np.a a r~kNpt~a le lU =

I me-I & 6/ a

M-4 50 25 A-16 105 75 AC-10 80 50
M-6 70 35 A-25 135 105 AC-16 105 75
M-10 95 60 A-35 170 130 AC-25 130 100
M-16 130 100 A-50 215 165 Ar-35 175 135
M-25 I0 135 A-70 265 210 AC-50 210 165
M-35 220 170 A-96 320 255 AC-70 265 210
M-50 270 215 A-120 375 30 AC-95 330 260
M-70 3.10 270 A- 150 440 355 AC- 120 380 305
M-95 415 335 A-185 500 410 AC-150 445 365
M-120 485 395 A-240 590 490 AC-185 510 425
M-150 570 465 A-300 680 570 AC-240 610 505
M-185 640 530 A-400 815 690 AC-300 690 585
M-240 760 685 A-500 980 820 AC-400 835 715
M-300 880 740 A-600 1070 930 - - -

6l-400 1050 895 - -

Kiy: (1) Copper. (2). Aluminum. (3). Steel-alurinum. (4). Brand of

*wirr. (3). Currant load, a. (0). outdoors. (7). indoors.
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Table 4-28. Uninsulated tronza ano steel-brcnze wires.

(') MAiePua OA O I (80- Mai" SPOWAS TI mi uarpynea. a*

Spaa6e 5-50 215
5-70 265
5-95 330
5-120 380
5-150 430
5-185 50
5-240 600
6.300 700

C9epomobie SC-185 515
SC-240 640
5C-300 750

C-400 890
aC-S0 980

Key: (1). Material of ware. j2). irand of wire. (3). Current load,

FOCTNOTE 1. current loads are given fcr the brcnze with specific

r.sistcr/rqsistancs p.,_0.,3 Q,.,3m/. ENDFOCTNCIE.

(4) Bronze. (5) . Steel-trcnze.

Table 4-29. Uninsulated steel wires.

/ Mama mpowm Taom m wp.J, a Mapa4 neeoma rpy3nu. a

rICO-3 23 IC-25 60
nflC-3. 5 26 IIC-35 75
nco-4 30 IIC-50 90
nco-5 35 nc.7o 125

I C-96 135

Key: (1). Brand of wire. (,). current load, a.

I .-'-,. '' ' -'z
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Tabla 4-30. Busbars of rectangular cross section.

C8.).AIoyCTWM8S iarpy-ana. a
aMNN II31 IRHT uilWe karpywi Ain

UIW. a

26 Zi -GM 2 G ' '

qg

15X3 165 165 210 210 20X3 65 100
20X3 215 215 275 275 25>(3 80 120

25X3 265 265 340 340 30X3 95 140

30X4 365 370 475 475 40X3 125 190
40X4 480 480 625 625 50X3 155 230

40X5 540 545 700 705 60X3 185 280

50X5 665 670 860 870 70X3 215 320
50X6 740 745 955 960 80X3 245 365

60X6 870 880 1 125 1145 90X3 275 410

80X6 1150 1170 1480 1310 10OX3 305 460
100X6 1425 1455 1810 1875 20X4 70 115
60X8 1025 1040 1320 1345 30X4 100 165

8OX8 1320 1355 1690 1 75 40X4 130 220

100X8 1625 1690 200 2180 50X4 165 270

120X8 1900 2040 2400 2600 60X4 195 325

60X10 1155 1 180 3475 3525 70X4 225 375
80)X3 1480 1540 1900 1990 80X4 260 430

IOOXIO 3820 1910 2310 2470 9OX4 290 480
120XIO 2070 2300 2650 2950 10OX4 325 535

Key: (1). Sizes/dimensicrs, mu. (2). peruissitle load, a. (3).

Permissible load for steel tus~ars, a. (4). Aluminum busbars. (5).

Copper busbars. (6). alternatinG current. (7). direct current.

.1
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Tablb1A 4-31. Conductors wirii tne alujminuma busbars of series SERA and

ShM A cf the trust ElaktxcwacnzazjaKcnstruktsiya.

PaeuPeACAHtfie () MHP~e~

JfloTm~ala , arpy3Ka 1250 400 I600 1 500 12500 I4000
(HIN.o IbIlA h TorL). a I I

Ktay: (1) .Type of condiuctct. B~ istritutive. (3) M ~ain-line. (4) .

Psrmissiblab icad (rated cuzreat), a.
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Table 4.32. Correcting ccezzicIenDt K, to the tem.eratures of the

earth/qrcund and air fcr the current lcads cn the cables, uninsulated

and insielated wires and tuskars.

IS C6 .14 ( 1.11Io.wuMu1 a.O00, 0ieat 0.W 8 .e.nepaype

r INCA.*

:V -50 4S+1 0 +15+20 +5+0+440+45 +0

is D 1.14 1.11 1.06 1.04 1.00 0,96 0.02 0.A 0.83 0.78 0.73 0.63

a5 80 1.24 1.20 1.17 1.13 1.09 1.04 1.o0 0.96 0.90 OAS 0.80 0.74

25 70 I..9 1.24 1.20 1.15 Il.1 1.6 1.00 0.94 0.88 0.81 0.74 O.A

Is 65 1.13 1.14 1.10 1.05 1,00 0.5 0.80 0.84 0.77 0,71 0.63 0.5

25 65 132 ,17 1.22 1.17 1.12 1,06 1.00 0.94 0.87 0.79 0).71 0.61

Is 0 ,,D . 15 1.12 1.05- 1,00 0.94 0.83 0.2 O.S 0.67 0.51 0.47

2S 0 1.36 1.31 I.-S 1.20 1.13 1.07 1.00 0,.93 0.85 0,76 0.66 0.64

Is SS 1.22 1.17 1.12 1.07 1.00 0.93 0,89 0.79 0.71 0.61 0,50 0.35

75 56 1.41 1.35 I.2 1.23 1.15 1.0 1.00 0.91 0.82 0.71 0.68 0.41

1I 50 1. 1.20 1.14 1.07 1.00 0.93 0.84 0.76 0.O 0.54 0.37 -

2 50 ,.O 1.41 1.34 1.21 1.18 1.09 1.0 0.89 0.78 0.63 0.45 -

Key: (1). Thq calculated temperature of aediua. (2). Specified

temperature of strands. (3). Correction factcr at actual temFerature

cf midium.

4

ji[



DOC =800S40305 PAGE

Page 99.

Table 4-33. Permissitle temieratures of beating wires, cables and

tusbars.

Tblion Uhf XC3UN mar-

P7210*N. IC

(A rmenpwAa sm WH. .. .............. +70
It uow mmaeti c peaNmoac iE nuacrmsaccouoflI(nodum IorLzobofl Nuu no."ICHiaeuoao)
.oawel ma Hanpmene zo 6 cea . . . +65

LoWu c naacrMXC0aflA 93MAswc fa ifanpwze-

(9 Kasn c 6yuaxcHoI x~.1NWI8R npannuot
IUCflK2NM~4bR0§ in necreuiowel maccot
- nPMueMe. Xa:

)A 3 .. . . . . . .+80
6. ..... .. .. .... ........ +65
to0.. .. .. .. ... . ... ....... +60

Kay: (1) . Designation. 12). Greatest perwissitie temperatura cf

wires, cables and buskzars wit keating by prclcnged current icad.

(3).* Bare wires and busrars. (4). a iris and cables with rutber or

plastic (polychlorovinyl cz icilethylene) insulation to voltage to 6

kV. (5) . cables with *Claed insulation tc vcltage 10 kV. (6) . Cablas

with paper insulation, satuzated witth oil-rcsin cr not discharging

mass to vcltagi, MV (7) . zo.
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Table 4-34. Highest mean temkeratures of air in 13 h of the day of

tha hottest month and bahabst average monthly temparatures cf soil

for the fundamental areas cz the USSR.

,- Tewneps-

(l,,m ml~) lm ?ypb -y C
iq r

Haputuomnse palowa HuHmecolaxse paftaiia

($}Awxc3Mpo*Mx-l. Boa rorpaa(Cy) .... 29.0 23.7
" CozaA Ue ..... 19.1 - Ho.orI ) ..... 21.1 13.2
(,AU,,,-ATa. ...... 2.6 - po. . 2... 29 -

ApnwuAx b... ..... 18.0 - ropbKukI . ..... . -3.1 -
G cTpf12K.. ...... . 29.6 - rpoMA ..... .8 -
I u6cm ........ 36,0 - ilep6wa so) . . . .. 27.3 -

a y ........ 27.9 - ZAIa'mdya M .... 0.6 -

.. ...... 25,9 - iu;enponcTpcscxz( . 26.7 -

i3ttroce x.c .. 21.1 Epcn i(...... . .'.3 -

McIM.. . . .... 22.5 - in"Bfwl C &A .... 3..5
II cI...........20.3 - H .ol 2...9 '15. 0

~SiAKU0C . . . 23.2 -HP6T ~ 2.. .5 -

(kDMA8AHWp .. .. ..... 22.4 -Plpwyicx i4' . . . . 22.6 12.3
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'~)~aa.1u~ac.......32.1 - I erPouc'NN 3890A~~3...........24.0 - (1aK.b)(~ 22.9 -

1)eb.........16.8 - f' oiwanm ql. . . . . 25. n -
Kep4b . .. .. . ...... 60 - nIT C4m ) . ..-- 25,9 -

*I)(ie .. .. .. 23.5 17,3 flCKos 4 21,0 -
KmpoyS. .. .. ..... 21.8 - POCT08ufla-ia'y~t:) 28,2 20,2

,44Kiipoarpi1a.. 25.9 - PS3IM4 Pnte*......24.2 -

ltKcipoma .. .. .... 21.3 - C--oPX21Aun' . . . 32,2 -

EI Kp3Cj~io!cxc 32.2 - i pa Toe S~ a) 27,5 -

(S)KP-ICI[AIoP.......28.6 - iccPa .c~6 21,0 15,
5jKpaCIi0IP"K. .. .... 23.8 - -C0"on.Ib(I) . . . 26.4 -

55Ypow Por.....2R.2 -ICewfMTWamCxKJ(. 26.9 -

1 K3y~Mwes . .. .... 25,2 -CmpeOnOb SI) 26. -
1KyPram .. .. ..... 23.7 -CmoteHcx 0). . . . 21,6 -

bAKYPCK........23.6 -Coa'Hwmmqt(.31 .. 21,6 -

MUCH... .. .. ... 28.0 -Tara pr "I... 27.6 -

~Jvr~c........27.9 - ITn~~sb... 25.1 -

6MetqHaKam . ..... 25.8 -TAWReHT(bA 33.4 -

.ViUIRrPnA.. .. ... 2 0,1 16,3 ftiHncRi0p.....29,0 -
i)AMaruKirropcw 22,6 - Tofo..mcx0,I . ... 21.5 -

,I)Mapre rna.. .. .... 33.6 -Toucxft) .. . 22.5 11.2
4MIlC. ......... 21.3 - Tytabr . 2.3.1 -

1)OCa........23814.4 TypcecamHy . % 34.3 -

4MpaK ....... 14.8 - TIOueub(ioj......22.6 -

uIHLna.. .. .... 33,4 - YaR.HoecI43) ... , 23.3 -

PnT 21.8 -Yp~AbeKfI . , 28,6 -

HH3ew aCB 5. Ytc), kvt~5i) .. . 24.5

Hkn o. xcca.Axype 19.7 - pc . . 29,2 21,8
41 Ori O........2, -9 Xo:en1 . . . 35,0 -

11Ieaocrk . . . . 274- IItezumiorpa ).. 35.2 -

H oemWIi'pci .. .. .. 22.8 - tflnjtya~ 35:7 -

Ozecca .. ........ 23.1 23 Ifemi~uncR .. 22.6 -

mcK...........23,3 13.3 Elep" proe, 23.0
L OP1101MMI'a~e 24.0 - q'T - 36~) 2.

L,04OP-eiiy.......26.8 15.6 Meernict Ky3icj 3.)
VIU 24.3 3 7.2 SKW( .k 23. .

j*1na . .. .. ..... 24.,4 - 51poem"I. b 1)i.. 22.3 -

Qd~~ .. .. .... 21.8 32.8 3li 1........27.t -

*Ke y: (1) . Designation cL area. (2) . Temperature. (3). air. (4) . soil

at depthi cf 0.9 m. (5). AleiLsanarovsk-na-Sakbalin. (6). Volgcgrad.

(7). Vologda. (8). Alma Ata. (9) . oronizzh. (10). Arkhiangelsk. (11).

Gor'kiy. (12). Astrakher. (13). GrcZnyy. (14). Ashkhabad. (15).

Derbent. (16) . Baku. (17). Dznagbul. (18). Batumi. (19).

Ens.prcpatrovsk. (20) . EIajcvesncbank. (2 1) . Eysk. (22) .

Boqcslovsk. (23) . Ysr-3van. (24). cryansk. (25). Zapcrazhlye. (26).
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Vitebsk. (27). Ivanovo. (id). VladLvostok. (29). Irbit. (30).

Vladimir. (31). Irkutsk. (3d), iazalinsk. (33). Petrovskiy zavcd

(Zabaykal'ye). (34). Ka2an'. (35). Kaluga. (36). Petrozavodsk. (37).

Kern',l (38) . Poltava. (3S) . Kercbl . (40) . Poti, 141),. Ki,;v, (42),.

Pskov. (43). Kirov. (44). aostov cr the Don. (45). Kirovograd. (46).

Ryazanv. (47). Kcstrcma. (46). Samarkand. (49). Krasncvcdsk. (50).

Saratov. (51). Krasncdar. (52). svirdlovsk. (E3). Krasnoyarsk. (54).

Savastopcl. (55). Krivc) acj. (!.6). Semipalatinsk. (57). Kuytyshev.

(58). Simferopol'. (59). Aurgan. (60). Smolsnsk. (61). Kursk. (62).

Solikamsk. (63). Kustarsi. 164). Taganrog. (65). Lugansk. (66).

Tambov. (67). Leninakan. (68). lashkent. (69). Leningrad. (70).

Tbilisi. (71). Magnitogcx'sx. (72). Tobollsk, (73. ) margalan, (74).

Tomsk. (75). Minsk. (76). Tula. 77). Moscow. (78). Turkistan. (79).

Murmansk. (80). Tyumen'. (81). fidmangan. (82). Ul'yanovsk. (83).

Narym. (84). It is Oral. (85). Nerchinsk. (86). Ussuri. (87).

Rikclay_3v. (88). Ofa. (89). Sirclayevsk-na-asur. (90). Kharscn. (91).

Novgorod. (92). Khodzhent. (93). Novorossisk. (94). Tselinograd.

(95). Novosibirsk. (96). Cbaxdzkuy. (97). Odessa. (98). Chelyabinsk.

(99). Oask. (100). Chernigov. 1101). Ordzhonikidze. (102). Chita.

(103) . Orpnburg. (104). Sacbeliovsic. (Kuzbass). (105). Orel. (106),

Yakutsk. (107). Penza. (108). Yarcslavl'. (1C}). Pe rmian

Feriod/Perm'. (110). Yalta.

Paq, 101.
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Example 4-1. To dEtermine the permissible lcad on those laid

open alluminum wires with tze oljcnlorovinyl insulation by section 35

mm2 for the line, which feeds electric mctor with the intermittent

operating mode.

Duration of the inclusicn/connection of electric motor tf-2 min;

the jen-4ral/common/tctal juraticn of cycle t-,Io min. Temperature of

surrounling air cf +25 0 C.

Solution. ?elativg drazicn oi operating cycle from (4-4)

2fS-- - 0,2.

Value of their correcticn factor (4-3)

0,-875

The permissible prclcnyed current lcad for the assigned

conditions of separator cn Ta±ie 4-2 is equal to:

whence the permissible lcau for ccnditions of intermittent service

from :4-1)

Example 4-2. To determine the permissible ccnstant load on the

cable 19 kV with the pajer insulation with the aluminum vseins/strands

ty section 3x70 mm2 , laid in tne trerch at temperature of soil of



."W

DOC 80040305 FAGi

+250 C. In all in the gerezal/cummon/total trench are laid seven

cablas with the clearance oetween the cables 200 mm. Cne cable

stand-by and load do-s rc¢ teaz.

Solution. For -ie assigned conditions frcm Table 4-12 we find

th3 permissibl . current load on tna cable under standard conditions

of the separator:
i,.R1-I65 6z.

From lTabll 4-32 we tind correction factor to the temperature of

soil at maximum permissikle titae dture cf catle cores 10 kV 600C

(see Tabli 4-32):

IC,0 .
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Table 4-35. Correction iactors to a number of working cables, laid by

s4rieis/row in the sarth/gzcund, taking into acccount the 50o/c

charging of thq part cf tas cales.

(~ j qu za6emei. 3apy~tenuidi Ha 100/50%
me.L)yI,

AJUN. ALA I/ 214 313 4/2 sit

100 0 9 0 7 082 0,80 0.78
200 0,96 092 087 084 0.82
300 1,00 093 090 0.87 0,86

Koy: (1). Distance bt%, en canlis, mm. (2). Numb.r of cables, loaded

to 11)0/50o/o.

Page 102.

Correction for a nunuor of canles (six wcrking cables) we find

from -Table 4-21:

Ka 0,81.

Genaral/commcn/tctal cczzmcticn factor in (4-2)

K,,-0.88 •.0,81-=0,712.

Permissible constant lcaa ca the catle cn (4.1)

I,",0712* 165-17 a.

Example 4-3. To determine the permissible ccnstant load for the

cables with th-4 copper veins/srranas, run in channels Nc 4 blocks

of group VII und-r thq cllcwinS ccnditicns: the section of cables

240 imz; voltage 6 kV; tke rdIdtive daily mean Ical of block

- $.J
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Se-I/S,-o.85: at a listance of 2 m frcm tha blcck in question it is

arranged/located thp s8EE Dlccx.

Solution. On FablES 4-22 zcr the cabl-, arranged/located in

channel No 4 block of gicup VII, wa find the permissible current Icad

for the cable 3x95 *a2 tj vcltage 10 kV I..3 -l9a

We determine the values ci taa correcticn factcrs:

in the section cf cable in-Tab1e 4-23 K4=1.55;

to the voltage of cable cn Tacle 4-24 Kj=1.05;

for the mean-daily lcad of tlcck onlable 4.25 K6=1.07;

with thr distance titween thes of 2 m cr-Fatl- 4-26 K7=0.93.

General/common/total ccrrecticn factor K.-I.5,5.I1,07.0,93=1.62.

Permissibli lcad cn cable i.-1,62.119-93 L

4-2. Selection of the iax.aaun current prctecticn of line'.

FOOTMOT3 1. Sae also Secticn 7. 1L FOCTNCTE.
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Safety fuses in electric systems tc 1000V.

Distinguish safety fuses with the large thermal inertia, i.e.,

by the ability to maintaan/witnstand considerable short-term

cverloadings by current, aad inertia-free, pcssessing small thermal

inertia and, therefori, ty thi vez i limited capability for

cv erloaings.

ThA first include all adjusting safety devices/fuses with the

male thriad and the lead cuzxent-ccnducting bridce, to the second -

tubular safety devices/tuses watn the coper current-conducting

bridg~e.

Ratsd current by - elting insart i, for the safety devices/fuses

with tha large thermal izertia is determined cnly by p to the

strength of prolonged calculated current of line ism from the

rr laticnship/ratic

!,;=.,=.(4-5)

Ratrd current by sIelzznq insert for the inertia-free safety

d-vicis/fuses must satisfy two conditions one of which is exFressed

Ly relationship/ratic 14-5), arid arcther - cre cf given is below

K formulas (4-6), (4-7) cr (4-8)
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with the prct3cticn cz brancnng to the single electric actor

with thi infrequent laurcnings/startings and the duration of start-up

tim, not are more than 2-2.5 s. (eaictric motcrs of metal-working

machinqs, fans, pumps, etc.)

(4-6)

with thp protection cf kranchiny tc the single electric motor with

the frequent launchings/stdrtar.Ss (electric uctcrs cf taps/cranes) or

the large duration of the start-uj time (engines, centrifuges,

crushers, etc.)

with the prct4ction cf main line, which feeds the pcwer or ccsbined

loading,

(4-8)

In the latter/last tnree zcrmulas: .u - the starting current of

electric motor, a; h, - maxiauz snort-term current cf the line:

(4-9)

where I - the startinS current ci electric motcr cr group of the

simultaneously included Eninas during launching/starting of which

the short-term current cr line reaches maximum value, a; j'a -

prclonged calculated currant oi line to thQ cesent/torque of
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launching/starting the electric motor (or the group of engines),

determined without taking intc acccunt the cerating current cf

started electric motor (cr tka zcu of engines), ,.

For the electric zctors cf critical mechanisms fcr the purpose

of the esoecially reliatle turiag cut of safety devices/fuses from

the overshooting it is allowed/assumed when selecting of safety

devics/fuse to ,ise fcrmula (4-7), accepting dencminatcr equal to 1.6

indqpendnt of the ccnditions cx launching/starting the elctric

motor, if' the multiplicity or current short circuit satisfies the

conditions, indicated in column 3, Table 7-8.

Rated current by szelting insert for the protection of branching

to the welding set is selaczed frcm the relationship/ratio

I, 1,2 I.c, VN-8, (4-10)

where I..c, - thq rated current cf welding set with the nominal

luration of inclusion/ccnaection, a; Pv - ncminal duration of the

engaging of the apparatus, expressed in thq pcrtions of unit.

Ratad current by smelting insert for the protection Cf tranching

to the welding sat can ke taken as the equal tc the long permissible

I: current upon the run fcr the feed cf welding set wire.

Technical specificaticzas cl safety fuses are given in Table
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4-36.

Thq selpctivity of irotection by the safety fuses of main-line

multianded lint= is achieved ty a consecutive increase in the values

of the fuse links in the individual secticns cf line in propcrtion to

approximation/approach tc a i¢int/item of feed.

.
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Pagq- s 104-105.

Table 4-36. Fundamental ca4racteristics of safety devices/fuses to

500V alternatinq and dizect cu renr.

CI , io Tom ,a, o,,. "Ge" wais ) Weg." TaxL ams"Tz-i82XPSeOE&

nAT ,)S I.um. T B e4 a* .4 1b

lP-2 I5 22A & CeTNx no- 6. 10. 15 30KpMTbe p3360pH316OPU 6a mnoa-
60 qcoN'aoro ToKa. 15. 20. 25. 35. 45. 60 reAX

100 380 .ueTX 60, 80. 100neJpeJern.oto ?oKa 2,10
200 raapa.H 00 125 160, 20

350 a ce'rx 500 8 200, 225. 260. 300. 350
600 It ra6apmra 350, 430, 500. 600

1000 600. 700. 800, 1000

H1-5 350 380 200. 225. 300. 350 rgTpom c mano.HTh
e-ne

HIH-15 i5 500 6. 10. 15 1 frarpoIHepa360pI'-IA € IanoJIHR

K- H-60 60 500 15. 20, 25, 35. 45. 60 T"Atu

HI-P.i00 100 500. 60, 80, 100 flaTpoR c manooflNTeaen

Hr-P-200 200 500 100, 125. 160. 200 ,,o ce

K1'1-60 60 500 10., 5. 20, 25, 35. 45,60 .

KrI-200 200 500 60, 80, 100. 125. 160. 200

x1"I-350 350 500 200. 225, 260, 350 U U

nlIT.0 10 250 4. 6. 10 a

rIH.P-100 t00 500 30. 40, 50. 60. 80, 100 Sau C Pa36oPmnie C V~aPM&

rfH-P-220 250 S00 80, 100. 120. 150, 200, 250 3MM manoAlHTe. eM

rmd.P.400 400 500 200. 250, 300. 350, 400

IH2-I1O0/1l 100 500 30, 40. 50. 60, 80. 100 aaml nATPOR C mOOaiM

n12-250/1I 250 500 80. 100, 120. 150. 200. 250 I

M12.400/1I 400 500 200, 250, 300. 400

1111200/11 600 S00 300, 400. 500. 60

2. QPcaxwo~imia e eASUMo0a pelbeort

FnK.27 20 50O 4. 6, 10. 15. 20

ll 1. -rlIDC-1 6 380 1. 2. 4. 6

* r1.2. rIAC.2 20 380 10. 15, 20

1 111-3. nA1C-3 60 380 25, 35. 60

'I,-4, [lUIC-4 125 380 80. 100. 125

,ULl-5, rILC-5 225 380 160. 200, 225

U-6, rIAC-6 350 380 260, 300. 350

IIA-7 600 380 430. 500. 600

ri.2 20 380 10, 15, 20

! :tffl 6 380 1. 2, 4, 6

i;,Y.20 20 380 10, 1s. 20

&C-16 6 380 1. 2. 4. 6

UWC.20 20 380 10. 16, 20i. PC63 63 380 25,40. 63

Bpc.100 100 380 80, t00
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Kw-y: (1). Type. (2). Rated current of riceptacle, a. (3). Ncuinal

voltage, V. (4). Rat-ed current by szeltig insert, a. (5). Technical

characteristic. (6). Tuular. (7). 220 V in nets direct currents,

390V in nets of alternatiag cuzrenz of I overall size or in rits 500

V of II overall size. (8). Clcsea dismcurtabie vithout filler. (9).

Receptacle with filler. (10). aecektacle (ncncollapsable with

fillr) . (11) . 5,(1I). Clcbed aismountatle with quartz filler.

(13). Closed receptacle witt i1ller. (14). Adjusting with male

thread.

I, I .. i I I
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Table 4-37. Conditions cf Lae -electivity of safety fuses PN2 for the

nrts of =specially critical designaticn/FurEcs?.

/.I,,. I )l , JOG I
188 BCT I .OMMI3Ab IIN r K7Sa S C HOMUHOaUNUM TOIOM Ol bWCR

TORCH 19'M Mefb- inlql4u. a
ino eI xqKNw, a

30 50 60 120 150 200
40 60 80 120 200 200
50 80 100 120 250 250
60 100 120 150 .250 250
80 120 120 200 250 250

100 120 120-150 250 250 250
120 150 200 300 300 300
150 200 250 300 300 300
200 250 300 400 400 400
250 300 400 600 >600 600
300 400 500 >600 - -
400 600 >600 - - -

Key: (1). and more. (2). Fuse i.nK with rated current of smaller

valum., a. (3). Fuse lirx waib rated current cf larger value, a.

I
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Table 4.38. Conditions ct the selectivity of safety fuses PX2 for the

nets of normal isignaticn/puxcsi.

10 w w I fLe

MONlMelJbNh1OM yOR'O- 1.1aM-q SCTad I C IqOMNHHaAbH"W1 TORO M 
1

, &doblUeA
/ M, Me~bineA Wenr W. dK UAUN-1I#. a

30 40 50 80 120
40 50 60 100 120
50 60 80 120 120
60 80 100 120 120

10 z00 120 120 150
100 120 120 150 150
120 150 ISO 250 250
150 200 200 250 250
200 250. 250 300 300
250 300 300 400 >600
300 400 400 >600 -
400 500 >600 - -

Key: (1). and more. (2). Fuse lintk with rated currsnt of smaller

value, a. (3) . Fuse link with rated current cf larger value, a.

Page 107.

In view of the prctaale deviations cf the parameters of inserts

frcm fixturqs at their product3cn, and also the different conditicns

for the work of safety device/fuse in the dependence cn the place of

its installation the guarantee cf selectivity of protection presents

kncwn difficulties and reauires the correspcnding selecticn ct the

values of thp rated curzeats ct tn fuse links in two adjacent

A. sections of line, shielded by uarfarent safety devices/fuses.

11
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Table 4-37 givls the zdlarionships/ratios cf the fuse links cf

safaty dqvicns/fuses PN2 to ta6 larger and sialler values of rated

current for the nets of eseecidlly critical designation/purpose in

the depe!ndence on the ratio of encit-circuit current 1. to the rated

currant smelting insert %itn smaller value I.. that show, what value

of rated current smeltirc insert tv. should be selected in order

under any unfavorable ccnditics tc ensure the necessary selectivity.

Since the corrected values ar, dsrived fcr guaranteeing the

selactivity under the laast favcratle corditicns, in the usual

practice sufficient reliability is obtaired, if we proceed from

average/mqan divergences from the standard characteristics. Necessary

for thesc cases ralaticnsnips/ratics are giver in Table 4-38.

Safety fuses in electric systams dtove 1000V.

In the electric systems hi voltage above 1000V for the

prot-ction of linas from tne excess currents is applied relaying the

information about which can he cbtained from the appropriate

literature. For the prczectica ¢f transftrmers also are applied the

safety fuses.

Th3 information abcut toe sarety dvices/fuses, utilized in the

electric systems 6-35 kV, is qven in Table 4-39.
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The selectien of safety avice/fuse in depending on the power cf

tha shielded installaticr can h produced on fakle 4-4C.

Automatic switches and magnetic starters.

Overlcad protecticn is provided:

1) by the thermal zeleases of automatic switches (series AP-50,

A-3100 and the like), tnat operate with delays of time, conversely

deprndent on the strength of current of the cverlcading;

2) by releases with tne c1cckwork automatic switches (series AV)

with the conversely deperdent from the currint characteristic;

3) by electromagnetic releases with time element, sufficient for

dacriasing the starting current cf Rlectric actcr tc the normal, the

automatic switches of series AM ard AS;

4) by thermal relays with the heating .lemonts of the magnetic

starters;

5) by releases with the hydraulic retarder of the automatic
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switches of typas AST and AK.

For the protctior L.,om tna snort circuit are applied automatic

switches with the electrcmagnitic releases cf mcmentary effect or

with tiu el-ment, whicb ansures the selsctivity cf action.

Th: automatic switchis ot sories AV have twc time differences:

0.25 an ] 0.4 or 0.4 and G.o s, and series AS and AM - three

stops/stages: 0.18; 0.38 anri 0.63 s.

.1
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Table 4-39. Technical s citicaticns of thp Fcwsr safety

devices/fuses of types it, Ebb, EK£ and FKD.

flpa 9z o.a 'N .6

00 .- 2, 5

122
111K. rIKH. 6 7.5 He orpamn- 20 30 200 6.7

n330 Rem 6, 7

75 1.3 20 30 200 14
2S0 25

300 3355 ,

10 '7.5 He 9 ,-_ - 12 Is 203 5.5
30 qe6 55

50 1,3 12 18 200 8.6
100 15.5

200 24

3510 8 e 9- 3.5 3520 1,5

20 e5 2.8

40 3 3,5 5 200 4.2

26 8 - 14 - 350 630 20 6
50 - 14too - 34, - 350 25

30O 35

30 8 - 20 - 350 55
20 55
40 86
75 15.5150 24

20 15 -- 14.5 - 500 4
30 6
50 9,5

20 4
40 5.2
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Key: (1). Type of fuse. (2). Ncainal voltage, kV. (3). Greatest rated

curreat of reciptacl2, a. (4). 5wailest disccrn ectid current in

porticns of nominal. (5). lisiarin currert cf cutcff/disconnection,

kA. (6). Symmetrical cccnent. j7). taking into account aperiodic

component. (S). Greatest oreakirg capacity (thriee-pbase), IVA. (9).

Greatest current spike wit cutcft/disconnection cf limiting current

short circuit, kA. (10). it is Lmccnfined.

Page 109.

For guaranteeing toe selectivity in the systems of the electric

systems, shielded by autcmatic swatches cf the type indicated,

smallest time element is estatlished/install.d in the alectrical

rcpiver.

The simultaneous prctecticn of lings from the cverloading and

the shcrt circuit is realized ty a use/a~plicaticn of the combined

releases, which consist ci two elements/cells: cne - for overload

protection and another - for tne pzotection from shcrt circuit.

Technical data of the releases of automatic switches they are

given in Table 4-41-4-45.

Technical specificaticns ct tbe heating elements of the thermal

!i
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r=lays oft the magnetic starters or series P, adjusted on the

tranchings to the alectrical receivers, are sbown in Table 4-46.

Data incorporated tc the 5agnetic starters of series PA of

thermal relays are given in Takle 4-47. Tables 4-48 and 4-49 give

tschnical specifications of tac switches of types AST and AK.

The rated current c± tae snialding from the overloading thermal

release or release with the oydzaulic retarder of automatic switch

and heating elsment of tte tbezaal relay of magnetic starter t., is

selpcted only on the prclcn9ed calculated current of the line:

ItYIu. (4"11)

II

I~j 

~~1J
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Tabla 4-40. Selection cL saiezy devices/fuses for the protection of

th installations of threa-khaz alternating current 6-35 kV.

U MAIO ii OiCTU 1-V4aeMofl yCraHgoem npa 112polmellmIu ge
I= IT a& p,,WI"N

015 2.0 5 10 -
1.0 3.0 10 20 50
1.9 5.0 20 30 10
3.0 7.5 30 50 180
5.0 10 50 75 -
8.0 15 75 IO0 320

10 20 too 180 560
14.5 30 135 240 -
20 40 180 320 1000
30 50 320 560 -
54 75 560 750 -
70 100 750 1000 -

1W 150 I0 1500 -
145 200 1500 2500 -
210 300 2000 - -

Kay: (1). The rated curzent ot installation, A. (2). Bated current by

smeltinj insert of safety aevice/fuse, A. (3). NCminal threa-Fhase

powir, kVA, shielded instailaticn with vcltage, kM.

Page 110.

The rated currqnt ct the 6iactromagnetic or combined release cf

automatic switches .,. is selecteu also cn the prolcnged calculated

current of the line:

I.s. , (4-12)

and tae skill current (cutcft) Of
electromagnptic or ccmbinaticn r44ase 'ip.. is checked using the

* :maximum short-term current cf line from the relationship/ratic

iFp.,;P. 1,251.v (4-13)

(for the branching tc sinla ejiectric motor the maximum short-term
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current of line is equal to tne stdrting current of electric motor

Co4fficient of 1.25 in fcrmula (4-13) ccnsiders inaccuracy in

the dqtarmination of the -aximum snort-tsrm current of line and

spraad of thp characteristics of tne elctromagnetic releases of

automatic machines. For the *a3cZity cf autcmatic machines the value

of this coefficient prcvides the impossibility of the false

cutoff/Aisconnaction of lini dutiny launching/starting of electric

motcrs, since the spread cf tte caaractezistics of automatic machines

does not exceed +-15o/c. For the automatic machines of the type

A3170, the spread of ckazactezistics of which reaches value +-30c/c,

coefficient value in fcrmuia 14 -13) should te taken as the equal tc

1. 5.

Thq spill current ct the release of autcmatic switch with the

adjustable conversely d ejndent on the current characteristic is

determined from tha fcrzula

(4-141

-i.
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Page 110.

TablN. 4-41. Te-chnical sfecazjcatl.cns of the maximum releases cf the

automatic switches of series AY (ncminal voltages 500V of alternating

and 460V direct current).

0) Yecnuts &La Cpa6,vrusrni NIIUCWcuAab
Kbmandb- ill pantePwmeAel. a| oN~,b- lfl To1t

Torn iit TOK UJryWRMN
Hos ii PAC. PaTHO 3a CH- ia uRa.le we 3aIHU3l.OD

tseneax. MOR at TOGK 0v Toea xapaKlTepocinlrl
a xap'rlepm- (otceqxa)

AB46 400 100 -f I00, 250,00
150 - 150. 225. 300

250 - 250. 375. 500
400 - 400, 600, 800

A84H 400 120 150, 250 960, 1300
AB4C 150 190, 300 1200, 1650
ABIIIB 200 250, 400 1 600, 2 200
AB4CB 250 310, 500 2000, 2750

300 375, 600 2400, 3300
400 500, 800 3200, 4400

ABIOB 0 600 - 600. 900. 1200
800 800. 1200. 160W
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ABIOS 1000 1000 100, 1500. 2 000

ABIOBB 800 600 - 6.0. 900. I 200
800 - 800. 1200, 1600

ABIOH 1000 500 625, 1000 4000. 550o
ABIOC 600 750. 1200 4 800. 6600

1000 1 100, 1600 6000, 8 006
1800 1500. 2000 8000. 10000

ABIOHB. 750 500 621, 1000 4000, 5500
ABIOCB 600 750. 1200 4600, 6600

750 1000, 1600 6000. 8000

ABISS' 1500 1000 - 000. 1500. 2000
1500 - 1500. 2200, 3000

ABISBB 1,150 800 - 800. 1200. 1600
1 150 - 1000. 1500. 2000

ABISH 150 1000 1250, 2000 8000, 10000
ABI5C 1200 1500. 2400 8000, 10000

1500 1800. 3000 8000. 10000

ABI15HB- 1 15 800 1000. 1600 8000. I0Q0
ABISCB . 150 1450. 2300 8no, 1000

AB20.. 200. 150. - I 500. 2000. 3000
2000 - 200O. 3000, 4000

AB20BB" ".1500 .*.1000 - 100, 150, 2000

-2000 1500 - 1500, 22M, 3000
-2000 - 2000. 3000. 400O

AB2H 2000 t000 1;250. 2000 8000, 10000
AB20C 1!200 1,500, 2400 80000. I10000

1500 1,800, 3000 aO. 0NO0
200O 2500, 400O 8000. 10000

AB2OHB I5W lw 1250, 2 8 0100, 00
AB20CB -2000 1200 10 24 800, 1 a0

I5W 1800. 30OO 8000. Inr
-2000 2500. 4000 8000. I qno

Kay: (1). Type of autcatic machii. (2). Rated current of automatic

machine, A. (3). Rated current €f ccil of maximum release, A. (4).

Settings of spill current uf maxziaum releases, A. (5). on scale of

convirsaly dependent or current caaractaristic. (6) . cn scale cf nct

dependent on current c aracreriszic (cutcff).

j1
-,I

A
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Table 4-42. Technical of the releases of the automatic switches of
series A-3100 (nominal voltages 500 V of alternating and 220 V direct
current).

.) Pacl~enumfeu paeuennuteA',

r aarr~ea YCram P.
* ~ ~ ~ roa 'ruo. o,

,eTOR. a s..oro aAbH..t. ( 1
CM64TI TOE. C UCU I 5OCle
lIIaI" . a uwl j3

A3161 50 15. 20. 25
A3162 30. 40, 50
A3163

A3114 100 15 150 15 150
A3113 20 200 20 200

25 250 25 250
•30 300 40 300
40 400 40 400
50 500 60 500
60 600 60 600
80 800 100 800
100 1000 100 1000

A3124 100 15, 20, 25, 3 430 30 - 430
A3123 40. 50. 60 600 J00 600

80. 100 800 10 800

A3134 200 120 840 200 840
A3133 ISO 1050 200 1050

200 1400 200 1400

A3144 600 250 1750 600 1750
A3143 300 2100 600 2100

400 2800 600 2800
Soo 35W0 60 3500
600 420 600 4200

Notes: 1. The multijlicity of the spill current of the thermal

release of the automatic switches of series A3160 ccmposes 1.35, and

all remaining types 1. 45.

2. During setting ul of automatic switches in closed cabinets,

for sxample series PR9CCC, ccnaitlcns of cooling switches deteriorate

I n , - ,. _.:. I_ ... .. .. . .
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and ratqd current of switcL and thermal cr ccbined release sust

descend to 80-90c/o (in avtrage/zan 85o/o) cf nominal values,

indicated in Table 4-42.

Key: (1). Type of automatic machine. (2). Rated current of automatic

machine, A. (3). Thermal an combined release. (4). Electromagnetic

rel.ase. (5). Rated current, A. (6). Setting cf current of

instantaneous functicniLg, A. (7). Setting of current of

instantaneous functicning. 18). alternating current, A. (9). direct

current, A.

w<
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* Paqe 113.

Table 44-43. Technical sieciricaticas of the relear-es of the automatic

switches of searies AP5C (ncminal vcltagis 380'1 of alternating current

and 220V direct current, zatfd current 50h).

(3) kMeRTP0Warktndora

nv*1V~P~r*Pc1Lufeu (0?FCeq-( Muwia.1%, 1P03HF a'. a
PacgeuffeAu ijUA tOm Havllaa~b"0ro _________

Tn, av~auara u36tcEaab p~ciiefn- Ida YcTa1sMN [r
IMf a06 trea. ?CfIJna0t 4Wpuepe.

PIClan"A30. IIeHIIM fip* 110.

AFL5O-3MT Kr1. .6 - 1-1.6 11 14
Afl5O.2MT poamIbMAl 2.5 1,6-2.5 17.5 -22

14 2.5-4 28 36

A15-mm Aor 6.4 4--6.4 45 57
AMW5-2M igfrarlA 10 6,4-10 70 90

Ar15O4T Tf911 16 10-16 10 10
Afl56-2T 25 16-25 7 20

- 40 25-40 20 32
50 30-50 30 4

Note. nutiplicity cf tha sp~ill currant cf thermal release

Key: (1) . Type of autcffatic *acbiie. (2) . Release of maximum current.

(3). Rated current of relea4se 10 A.

FOOTNOTE 1. It relates tc 411 jeziormances cf the automatic switches

of series AP50. ENDFCo~bCIE.
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(4). ganges of adjustment or ritad current cf setting of thermal

release 2, A.

FOCTNOTE 2. It relatps tc tue erfcrmances 2MT, 3MT, 2T and 3T.

ENEFOCTROTE.

(5). Spill current of eJlectrcadynetic release (cutoff) *3 A.

FCCTNOTE 3. It relates tc tne Fertcrmances 2MI, 3MT, 2M and 3M.

ENDFOOTNOTE.

(6). with alternating current by frequency of 50 Hz. (7). with direct

currint. (8). Combined. (9). ilectromagnetic. (10). Thermal.
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Table 4-44. Technical siecizicaticas of the releases of the

single-pcle automatic Euiicaes ct series AC-15 and AB-25.

ZE 130M 32

pvwfmo Pacaaeumresw. = K11 'Mew-~lgI(

Ar5.25 An'ba 220 nc~ee- 25 15. 20. 25 -

Haro T'om

AO-I5MT KOK. 220 JVST~H- 15 1; 1.2; 1.5'. 2; 10-15
OfflopowwMuA* , oro it nc- 2.3; 3; 4; 5; 6;

pexesmoro 8; 10; 12; 15
TOMa

AO-153 3IeK T e 1 ; 1.2; 1.5. 2; 1.3
TpIarniubil 2. 5; 3; 4; 5; 6;

S 1 8*.810; 12; 15; 20 1

AOiS 12 A - 15 I; 1.2; 1.5; 2; J -10
"OUarH WA moro i ne- 2.5; 3; 4; 5; 6; o T

peAM enmoro 8; 10; 12; 15; 20!

1.5 ; 2.5:4; 6;
AO.15T Te§oooA To e 5 10; 15; 20; ,3

Note. multiplicity Tf re spil current of thermal release 1.35.

Kiay: (1). Type of automazic mackiie and release. (2). Nominal

voltage, in. (3). Rated current ct autcmatic sachine, A. (4).* Rated

current of release, A. (5) . Multiplicity of st~ill current of

alectrcmagnetic release. (6) . thermal. (7) . alternating current. (8).

combined. (q). lirect and alternaing current. (10). electromagnetic.

(11) . Then.

I;eeHr ; 0 2 5 0

A1
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Page 114.

Table 4-45. T*chnical siecificaticns of the maximum releases cf

automatic air circuit treaxers cf series AS, AG and AM to 400V

alternating and 220V ditect current.

(i)c~ (a-. ((', I OU&&OYT
'" Honn;.arn.~niR - - " - ./

u a.lb,.oro | -, t I eul.b
pecIAtenure.1A. 3 

-  
PaCterUMMeA

625. 800t..

as = 00 X .
-- so .o 4 1 3W _ _ _AC 800 75, 130, 190. 2-4.5 ---

625, 800

1500 1250. 1500
2000. 2500

Ar 800 150, 00 400, 2-3 - -
500. 600 .0

1000 1 000. 1250,
1 500

AM 800 130, 190, 260. - Ipm ee.fnepe epe 1,55-2
AM375, 500, 625. WCIHQM TOKC MCHHOM TOKe

800 2-8 &.-8

2-4.5 3-4.5

Note. The automatic machines of series AS, AG and AM for

guaranteeing the selectivity cf j ctecticn car be inclined tc one of

three steps/stages of triggering time: 0.18; C.38 and 0.63 s.

Key: (1). Type of autoratic mdckiafl. (2) . Rated current of autcmatic

iachine, A. (3). Rated currant cf maximum release, A. (4).I
'V
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Multiplicity of settings ot Sjill current in realtion to rated

currint. (5). Limits of settings ot spill current. (6). Release of

zone short circuit. (7). CutinEd release. (8). zone short circuit.

(9). zone of load. (10). With alternating current. (11). With direct

cr,:rent.

&
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Page 115.

Tabl- 4-46. Tqchnical sjeciiicaticns of th . heating elements cf the

thermal relays of the magnrtic szarters cf series P (nominal voltage

cf up to SO0V)

(1) (34. 10 HoamuAuh. Tog. Me.e. l QLbmN Ta nyciOaeAeft IMeeUT6o nycKaft.uA
- TORN 3q M'ela- '--_________

AE2-4 Scan- 31 2-4 3It w.1~aYlrr 4.!sl- 54bI

a 41s.0 ISAFa

I 0,64-0,73 20 3.9-4,2 6.0-6.5 - - -

2 0,73--0.80 21 4.2-4,7 6,5-7.0 43 31-34 -
3 0,80-0.90 22 4.7-5,2 7.0-7.7 44 34-37 -
4 0.9-1.0 23 5,2-5,8 7.7-8.5 45 37-41 -
5 1,0-t.1 24 5,8--6,3 8.5-9.5 46 41-45 -
6 1.1-1.2 25 6,3-7.2 9,5-10,5 47 45-50 -
7 1,2-1.3 26 7,2-8,0 10.5-11,5 48 50-55 -
8 1,3-1.4 27 8.0-8,9 11,5-12.5 49 55-60 -
9 1.4-1,5 28 8.9-9.7 12.5-13.5 50 60-65 -
10 1,5-1,7 29 9,7-10,7 13,5-15,0 5! 65-70 -
II 1.7-1,9 30 10.7-11,6 15,0-16,5 52 70-77 -
12 1,9-2.1 31 11.6-12,8 16,5-18.0 53 77-85 -
13 2.1-2,3 32 12,8-13,8 18,0-20,0 54 85-95 -
14 2.3-2,5 33 13,8-15,2 20.0-22,5 55 95-105 -
15 2.5-2,7 34 15,2-16,8 22.5-25,0 56 - 66-65

16 2,7-2.9 35 16.8-18.3 25--28 57 - 65-70

17 2.9-.3 36 18.3-20.0 28-31 58 - 70-77
18 3,3-3.6 37 - 31-34 59 - 77-85

19 3.6-3,9 38 - 34-37 60 - 85-95

- - 39 - 37-41 61 - 95-105

- - 40 - 41-45 62 - 105-115

- - 41 45-50 63 - 115-125

- - --- 64 - 125-135

-- - 65 - 135-150

tote. The multiplicizy of zas spill currint of thermal relay

*1t
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with respect to the rateo current of heating element is equal to 1.2.

* ~thermal relays allow/assune tne z3~ulatad values of spill current.

Key: (1). ele2ments/cells'. (z) zated currents of elements/calls of

starters of 2nd value, A. (3). katad currents of elements/cells of

startsrs. ('4) . f value, A.
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Page 116.

Table 4-47. Technical data of theraal relays, incorporated into the

maqnetic starters of sezios Ea (nominal voltage 500V).

(.1 ~ ) - (i) (f)HCuOJFNe.U nYCXAlYtfl

I N()-eu
S(11) Tax yCraaucn Teimosbiz pe.le. 4

0. - 0 Hasl~o £UoflB3

3 17 TPII-32 40 32 24-40 40 32 24-40

4 28 TPII-60 56 50 38-56 56 44 33-56

5 55 TPfI-150 115 120 90-115 115 104 78-115

5 55 TPI'-i50 115 70 52.5-87.5 115 60 45-75

6 75 TP'-150 150 130 97.5-150 140 125 94-140

Notes: 1. Zero setting corresionds to the zero position of the

indicator of the scale ct tue settings of thermal relay.

2. Multiplicity of spill current of thermal realay with respect

to rated current compcses 1.2.

3. Scale of relay is desiyned for ambient temperature of .350 C.

At a lower ambient temezrdtura tri point must he increased cf the

calculation one scale divisicr cD 100C.

Key: (1). Value of starter. 12). dighest efficiency cf electric motcr

-I
'!I
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*with voltagq 380V# kW. 1.3). 11or or thearsal relay. (4). Perfcruance

of starte r. (5). opened. (b). zhieded. (7) . Current of setting of

thermal relays, A. (8) . rcmi.ndl. (')*zero setting. (10). range of

control.



DOC = 80040306 FAGE

Tabla 4-48. Technical sEec~iicaticns of the autcmatic switches of

alternat4_ng current AST.

a U O M I ? 5 1 1 "u l0 * 4 p a lie n n e A e f . a

AC. 380 25 0.3; 0.4; 0.5; 0,63; 0,8; I;

ACT- I 1,25; 1,6; 2: 2.5; 3.2; 4; 5;

6.3; 8; 10; 12,5; 16; 20; 25

Note. 1. Automatic siitcaes are made in two-pole (AST-2) and

tripolar (AST-3) versicns.

2. Electromagnetic releas4s of switch are equipped with

hydraulic ratarder, which aisures with multiplicity of current, equal

to 1.2 nominal ones, tiae eiement not acre than 20 min, with

multiplicity of current from 6 to 15 6-15 s and with multiplicity 14

momentary effect (cutoff).

Ksy: (1). Type of autowatic macni.ne. (2). Ncminal voltage, in. (3).

Rated current, A. (4). Scaka ot rated currents cf releases, A.

,o
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Page 117.

Table 4-49. Technical sieci.ications of autcmatic switches of the

typp AK-63.

um*wxam". a. 

AK-63 -. 440 0.63; 0.8: I; 1,25; 1.6; 2; 2.5; 3,2;
-240 4; 5; 6.3; 8; 10; 12,5; 16; 20; 25;

32; 40; 50. 63

Notes: 1. Automatic switcnes ara made in the two-pole and

tripolar performances.

2. Electromagnetic cf raleasa of switch have two modifications:

type M - instantaneous and type MG - with hydraulic retarder.

3. Releases are made with multiplicity of current of cutoff 14

for alternating current ana 5 - tor direct current. Releases of the

type M are made for alternatin9 current alse with the multiplicity of

current 3.

4. Releases of type MG nave triggering tire with multiplicity cf

current 1.2 not more tean 20 aiz and with multiplicity 6 from 3 to 20

K!ay: (1). Typa of automatc macnaic. (2). Nominal voltage, in. (3).
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Scale of rated currents cf releases, A.

4-3. Selection of the secticns ci wires and cables.

The section of wires and cables by voltage cf up to 1000V

according to the conditicn neazinys are defined from tables 4-1-4-20,

4-22 ani 4-27-4-31 in dependiny on computed value of the permissible

constant lcad under standazi conditions cf the separator, defined as

high value of two relatacnsnijs/ratios:

according to the ccnditicr Cf heating ty the prolonged

calculated current
lXM

IuA~~l ~(4-15).

and according to conformity ccadition to the selected apparatus of

the maximum current Frctec-icn

* u! (4.10

where K. - correction factor to tna conditicns of the wiring and

cables;

K,- multiplicity of the permissiDle prolonged current for the wire

cr the cable with raspect to the rated current cr the spill current

of the shielding apparatus;

,' - rated current or sjali curztnt of shielding element/call, A.
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Under standard conditIGns tor separator &.-I and

ralationship/ratio (4-15) aad 14-16) thay are simplified:

I,.,, ll=;(4-17'

Page 118.

Values K, and is are detrazined from table 4-50 in depending cn

a character of network/grid, ryce of the wire insulation and cables

and conditions of their separatcr.

According to Secticn oz III EJE the netwcrks/grids are divided

into two groups: the netbors/gz2ds which must be shielded from the

overloaling and the currents sncrt circuit, ard the networks/grids,

J shielded only from the currants shcrt circuit.

According to § I11-1-9 EUF to overload Frotecticn they are

subj3ct:

1) the n.tworks/grids inadors, made opened by the laid

unprotected isolated/irsulated conductors with the combustible shell;

2) the networks/grids inaccrs, made by shielded conductors, the

A
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conductors, laid in the tuoes, not combusted structures, etc., in the

following cases:

A. Lighting systems in tna hacitable and public buildings, the

commercial locations, cificial-everyday lccaticns of industrial

entprprises, switching cu networks/grids for the everyday and movable

alectrical rqcaivers, ana alsc in the flammable production lccations.

B. Power networks/giads in inoustrial enterprises, habitable and

public buildings, commercial Iccations in cases when under conditions

. for technological prccess or conoitions cf wcrk cf network/grid can

appear prolonged overlcadiny ci wizes and cables.

C. Of networks/grids oi al torms in dangerously explosive

Placements and dangerously explcsive external settings up independent

of conditions of technclcgical process or mode/conditions of work cf

network/qrid.

All remaining netwcz~s/grias do not raquire cwerload prctection

and are shielded only frcm tba currents short circuit.

If the permissible Erolcnged current icad, found from (4-16) or

(4-18) in accordance with the reiuirements I II-1-10 of POE, does

not coincide with the data c± the tables of the permissibla loads, is

A . . | r ! . . . . ...
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permitted the use/applicati.n of a conductor cf the nearest smaller

section, but not smaller than this is required during the

dets.rmination of th3 pefrissibii Icad frcm (4-15) and (4-17). The

secticns of wires and catles xot tae branching tc the engine with

short-circuited rotor it all cases are selected in accordance with

(4-15) or (4-17), in wkica the irclonged calculated current of line

is aqual: for the nonexicsiva Iccations - tc the rated current of

engine, and for the dargerously axilosive ones - 125c/o of the rated

current of engine by vcitayd or up to 1000V. The selected section of

wire cr cable must be checked cn (4-16) cr (4-18) § 111-1-7 ty PUE

for the networks/grids, snielded only frcm shcrt circuit.

In all casis must te irovided reliable cutoff/disconnection with

shielding apparatuses tke sinyle-pnase short circuit, which occurred

at the most iistant points c¢ netwcrk/grid. ihis condition is

satisfied, if the Multi4l-cIty ox current single-phase short circuit

in the networks/grids ty dully grounded neutral is not less than 3

with respect to the ratec currant cy smelting the insert of safety

device/fuse and the ratea current of the release of the automatic

switch, which has the cctversely dependent cn the current

characteristic, and is nc¢ less .IK, with respect tc the spill

currant of the automatic switcn, waich has only electromagnetic

release oK, - the coefficiant, wticn calculates the spread of the

*2] characteristics of release on the casis cf the dati of plant).
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For thq nptworks/grids, run ia the dangerously explosive

locations, the p9graissibla muiziplicitiis of current short circuit

incrqase to value of 4 witn raieect to the rated current by smelting

the insert of safety device/fuse and to 6 with respect to the rated

current of the releasq of automatic switch with tha ccnversely

dependinq on thi current characteristic.

I;
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Table 4-50. minimum muutipl.cities of the permissible current loads

cn the wires and tha cakles, with rdspect to the rated currents, the

oickup currents or the currents cz the setting cf shielding

apparatusqs.

('I"MbAOCTUIwZ .'AuTeAi-

0? o IWC? d K oSareAbua

(S owa x apiaAoritJ,' t 2
asua.U =aUs jaMutwotO auuapaTit "n ?efAr3Nu. R;tp..t.

Eaj0e= Ave..

(0oVHIMaabHWA TOIC MITUKON BeTas-
carapAoipMMueJek .. .. ...... 1.25 1.0 1,0 0.33

(o ycrasucs anromtaluqecxoro

IincfmajibiflliR urffo~emnoa.eflCTmYIO-
ismi pacuenmv~.mb.. .. .. ..... 1,25 110 1.0 0.22

(,&1OMunn~bHAa TONl paCflenanc.In
aSlOMautwlSciioO WbK0l10qaTe~lE C Me-
perynwpyeimik O6!%iTH 33mnCxwI
or Toa xapaKcTepuc'utoil (mewaew-
CRUO OT H2. IUIq BARN oTCYTc?3HS
tCeixH) . .. ... .... .... 0 1.0 1.0 1.0

bo rSWnx pacltensneam anro-
MaTNqecKOrO mhK1o'1aTe.oU c gery-

* AupyemoA o6pamOa 3asucMR 07
Tolca Xaq~xTePNCTlllC0 (nipm "uismuu
M aWroAa~eCXcOM DIMICIIPl2'e.
0. so KPflUOerb TOM ft we or-

pnnc)....... .. .. . . .0 110 0,8 0.66

- Key: (1). multiplicity ci the jaerujssible prc longed currents. (2).

Networks/grids, for which cvericad prctecticl is necessary. (3).

valuq of currant of shielai.ng afp4ratus. (4S). Ccnductcrs with rubber

and analogous in thirma. cnazacteristics insulation. (5). ExplCsiCl-

and flarumabis locaticne, aatitazlQ, commercial Iccations, etc. (6).
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A39
Nonexplosion and fireprccf production locaticns of industrial

enterprises. (7). Cables wi:a j ajer insulaticn. (8). Networks/grids,

which do not require cvezload irctaction. (9). Bated current by

smelting insert of safety devlces/ruses. (IC). Current of setting of

autcmatic switch, which has crly maximum instantly operating release.

(11). Rated current of releasa ¢t automatic switch with fixed

conversely dependent on current characteristic (independent cf

Fr-senci cr absence cf ctI;cif). (Id). Pickup current of release cf

automatic switch with adjustacle ccnversely dependent on current

characteristic (when, cn auzcmaric switch, cutoff is present,

multiplicity of its current is ect limited).

Page 120.

For the networks/grius, snialded only from the currents short

circuit, the overestimate of the currents of the fuse links cf safety

devices/fuses and settinys cf zhe zeleases of automatic machines in

comparison with the values, regulated in Table 4-50, is

allowed/assumed in the recassary cases, for example fcr the reliable

tuning out from the currents cf the self-start cf _ngines, when the

multiplicity of currnt sncrz circuit has a value not less than 5

with respect to the ratec cuxzrrt Ly smelting the insert of safety

device/fuse and not less than 1.5 with respect to the spill current1 cf the rl~ctromagnetic relsase ct automatic *ectine.

A
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Checking the conditions fci zne reliable functioning of

protectors with the shcrt circuit is given in Section 7.

The sections of wirces and canles of line by voltage above 1000V

according to the conditics ct beating are determined on the

prolonged calculated currins according to (4-15) or (4-17).

Example 4-4. Trunk line of xue power network/grid 380/220V of

industrial enterprise it supjiies the group cf engines. Line is made

by armored triple-core cacle with the aluinus veins/strands and

rubber insulation and runs itself in the location with the

temperature of surrounding air cz #250C. Prolcnged calculatad current

cf line 100 and also shor"-tera current with the self-start of

enqinqs 500 A. Conditions of mae 861f-start of electric motors the

lungs.

To determine the rated currenat of the fuse links, which shield

the lin3 of safety devices/fuses of the type fN-2, and to select the

section Of cable undpr the iclicwing conditions:

1. Line passes to ncnexlosive and fireprof production location

and it must be shielded trcs the cverlcading.
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2. Line passes to tiammatle Iccation and it must be shielded

from cvirlcading.

3. Linq must be shieiutd cnly from short circuit.

Solution. We determiam tn value of the rated current of the

fuse links, which shiel the line cf safety devices/fuses, according

tc the condition cf prclcnged current frcm (4-5):

!,p ir0 A

and according to the ccnditicn cf short-term current from (4-8):

500
2 A.

Decisive when selectinj o tae fuse links proves to be

cvershcoting with the self-start of electric motors. We stop on the

safety devici.s/!uses of tne typez EM-2-250/II with the fuse links to

ratel current 200 and (sea lazle 4-36).

For the selection ot the section of catle we use simplified

.ormulas (4-17) and 14-16), since the conditicns of its separator are
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normal (tamperature cf surzcunaing air of +25CC).

The p.rmissible lcad on me cable according to the condition cf

heating by prolonged calculatEd currert is determined from (4-17):

alsc, according to ccnfczmizy ccndition for the secticn of cable by

smelting to the insert ct the saiety device/fuse frcm (4-18), in

which the values cf coefficianz k. for each cf the versions in

question will be differert.

1. For india-rubber catle, shielded from overlcading and passing

in nonexFlosiva and fireizocf lace, from fable 4-50

K,-iO.

The permissible ccrement lcad on the cable is determined on

(4- 18):

Ila-I 20-0200 A.

On fable 4-4 we select fcr triple-core cable with the aluminum

veins/strands and the rutoor insulation with the seFarator in the air

section 120 mm2 for which te Eezaissible icad is 9qual to 2C0 A.
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2. For cable, which passes in flammable iccation and shielded

from overloading, analcgcusly we will obtain:

.- 12 5 0. 0 .

Th- section of cable we take as tha equal to 150 Ima; the

permissible ccnstant lcad for it is equal tc 235 A. we use indication

PUE about that which during caecting of the ccnfcrmity of the

sections of wires and catles tc the characteristic cf shielding

apparatus is allowed/assumed to select the ccnductors of the nearest

smaller section how it is required on the calculated current.

3. For cable, shiqlded cnly from shcrt circuit, we will cbtain

&-0,33;a.0.33.200"66

In this case the secticn c cable 50 mM2 is determined by the

condition of heating by gclcnyed current (Fermissible load 110 A).

Example 4-5. Fig. 4-1 depicts the schematic of the secticn cf

the oower network/grid c± industrial enterprise vcltage 380/220V.

From tha busbars of the diszr2buting frame chtains feed the power

assembly with the automatic switches, to which are connected six

asynchronous egngirs witn snort-cizrcuitsd rctcr. Electric mctcrs 3

A
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and 4 are established/installed in the dangercusly explosive location

cf class Via, r-:.aining engines, distributicn pcints and

start-ing/launching equijuent a .n the locaticns with the normal

'w dium.

mmmm
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6 6 6

Pig. 4-1. Schematic cf nezWoXK/qrid for example 4-5. 1 - busbar

38C/220V of th, distributing irame; 2 - automatic switch of the type

AV-4S; 3 - busbar of t.e diatriuzrive power pcint/item of series PR

9000; 4 - automatic switca cf the type h.3124; 5 - push-on starter of

th,. type PNV-34; 6 - magnetic starter of the type Pa; 7 - dangerously

explosive location.

Page 122.

T' chnical specifications of engines are shown in Table 4-51. Engine

power rating excludes the possitility of the Frolonged overIcadings;

the. cond.tion for their launcuing/starting mcderatq/mild, possibility
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of the self-start of large kowex motors it is excluded.

one of engines 1 cr i is always located in the reserve;

re4maining angines can %crx simultaneously.

Trunk line from the distz_,tutjng frame tc the pcwer point/item

is shielded by a selective autcuatic switch cf the type AV-4S to 500V

and 400 and with tho maximum releases with the ccnversely dependent

on the current characteristic aid the cutoff with time element of 0.6

s. Lines from the power Ecint/item to the electric mctors are

shielded by the established/installed in the cabinat cf the type

PR9262-137 automatic switches cl the type A3124 tc 500V and IOOA

with the combined releases.

Trunk line from tte districutLng frame tc the power point/item

is made by triple-core caole with the paper insulaticn cf brand AABG,

lines to the electric ,ectors - ty a rubber-ccvered wire APRTC and

(for thi dangerously exilosive iccation) PRIC in the steel tutes.

Entire wiring passes tc Iccaticre with the temperature of air of

+250C.

It is necessary t'. catei iE the rated currents cf the releases

' j cf autciatic switches ard to select the secticns of wires and cable

j from the condition fcr bedtin ana conformity tc the currents of the

T\

. . ..A . .. .. .. -
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r~leases of automatic switcAdso

Solution. Since the t6aperature of air it the location is equal

to +250 C, then correcticn ractcz M.-f and whEr selecting of the

sections of wires and catids in tna conditicn of heating one should

ts guided (4-17) and (4- 18).

Line to electric sctcr 1. be select the combined release of

autcmatic switch A3124 according to the conditicn of the prolcnged

current of line, equal in this case to the rated current of electric

motor 1 (see Table 4-51).

According to note ty 2 to-able 4-42 when selecting of the

relc-ase, built in the clced catinet of autcatic switch, it is

necessary to consider ccrrvcticr factor cn the cxder of 0.85. Taking

into account the aforesaid, a seiect the release of automatic switch

according to the conditica cf the Frolonged current cf line frcm the

relationship/ratio

73. 1

Onlable 4-42 we select tke combined release with rated current

100Aand also by th; current cf instantaneous functioning 800 A.

'A
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Ve check nossibility of the talse respcnse of automatic switch

during launching/startirS of an~ine 1 on (4-13):

1,,..;sI25.432-540; 8C ) >540 A.

According to indications of FuE for the lines to the electric

motor in the nonexplcsive lccaticn the secticr is selected on the

rated current of engine from (4-17) with the subsequent checking on

(4-18), on the basis of the ccndiTion of circuit protecticn cnly from

short circuit.

Computed value cf the permissible current of line is equal tc:

Page 123.

On table 4-2 we selecz zhree-strand wire with the aluminum

veins/strands of brand AFe'HC by section 35 mm2 for which the

permissible lcad is equal to 5 A.

Ve check the confczuity or the selected section cf wire to the

apparatus of current prctecricr. Since tte automatic switches of

series A3100 do not have currfnt ccntrol of setting, the multiplicity

A
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of the parmissible current Gf lID must te determined with respect to

the rated current of release, eSual in cur case /-100 A. Through

' ablq 4-50 we find value Xe tcr &be networks, which do not require

cvcrload protection for taa razed current of the release of automatic

switch with the fixed ctiversely dependert cn the current

characteristic:

After substituting numerical values in relationship/ratic

(4- 18) :

75 .e"I - 100-i10

Key: (1). A.

we see that the required ccndition is not satisfied.

We stop in the section oi lire 50 M22 , fcr which condition

(4-18) i-S satisfied:

1065 100R

Key: (1) . A.

For the remaining lines the results of calculation are given in

Table 4-52 or are given telcw the explanaticns, ccnnected with the

special features/peculiarities cf each of them.

Liies to electric sctor 3. line to elctric motor 3 has the

A
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following special featuxes/peculidrities. Engine 3 is

established/installed in .be dangerously explcsive Iccation ci class

Via, in ccnnection witf bbict:

1) for the calculatea current when selecting of the secticn of

line is accepted the rated cuzzEDt of engine, increased 1.25 times;

2) in the dangerously exF.cs1ve location of class Vla is not

permitted the use/applicaticn ox wires ard cables with the aluminum

veins/strands, consequently line from the magnetic starter tc the

electric motor must ke Eerzorsed by wire with the ccpper

vpins/strands (brand PFIC).

Line to electric sctcr 4. Ine secticn of wire PBTO from the

magnetic starter to engine 4 is accepted by the equal to 2.5 mm2 ,

sirce smaller section fcr the jcwer networks in the dangerously

*explosive locations is nct allcbed/assumed (see Table 1-10).

f.
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Table 4-51. Technical sEecificaticns of electric motors on example

4-5.

MAJA wo KplwT.T ny-| 4V9

A2-81-4 40 73.1 5.9 432
A2-81-4 40 73,1 5.9 432
MA-145-2/6 34 69 6,5 448
MA142-2/8 4 10.5 5 52.5
A02-41-4 4 7.7 5.7 43.8
A02-41-4 4 7,7 57 43.8

Key: (1). Type. (2). Ncminal pober, kM. (3). Bated current, A. (4).

nultiplicity of starting current. j5). Starting current, &.

Page 124.

Line to electric mctors 5 and 6. The calculated current of line

is determined by the sum oi the currents of engines 5 and 6.

Trunk line. The prcicLyed caiculated current Icad of line

according to the conditicn cf ar examfle is determined by the sum cf

the currents'of all elictric motors, with excepticn of current of cne

cf electric motors 1 or i:

I,,, -73.1 +69+,i0.5+2 .7- 1l1a A..

Short-term curr-nt lcad is determined on (4-9) from the

condition of launching/starting engine 3, which has the jerk/Impulse
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of starting current greatest:

I.p-448+73,1+10,5+2.7,7,547 A.

We select the electxoaagnetic release of automatic switch AV-4S

" according to the conditic ci thi prolonged current cf line ftcm

(4-12):

I,..P 168 A.

on table 4-41 we select maximum release with the rated current

200 A. The setting of skill current we accept on the scale of

dependent on the currert characteristic 250Aard also on the scala cf

the nct dependent on the current characteristic (cutcff with time

-lement) of 1600 A.

we check the impossaiolity oi the false respcnse of autcoatic

switch 4uring launching/staitinc ct electric votcr 3 on (4-13):

I 60>1.25547-682 A.

We determine the tatuiar value of the permissible prolcnged

current for the cable:

-f.
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I A.

On 'able 4-14 we bilect triple-core cable with the aluminum

veins/strands to 3 kV ty section 95 mm2 for which the permissible

load is *aqual to 190 A.

We check the confcrmity of the selected section cf cable to the

apparatus of current prctecticn. Since the autcmatic switches of

series AB hdve current ccntrcl cf setting on the scale of the

conversely dependent on tae curreat characteristic, the multiplicity

of the permissible current cf lire must be determined with respect to

spill current of release in this jdrt of the characteristic, equal in

our casa t-.250 A. Throughlabie 4-50 w. find value K for the

networks, which do nct rejuire cverload protection, for the spill

current of the release ct dutcmatic switch with the adjustable

conversely dependent on the current characteristic:

Ks-0,66.

After substituting numerical values in (4-18):

90>0,66.25o- 165 A)

let us find that the required condition is satisfied.

Table 4-53-4-55 gives the permissible lcads and the limiting

A|
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* values of the rated currents cf the fuse. links cf safety

devices/fuses and rated currents or the thermal and combined releases

of the autcmatic switchas cf series A310C fcr the wires and the

cables for the voltage cf up tc lO0V with the aluminum veins/strands

with the separator opened in the air or in the tubes during the

continuous duty. Table 4-3o snows zor thq same wires and ccnditicns

cf separator thp. permissinie Icads during the intermittent duty.

I...
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Table 4-52. Table for tne selectica of releases and secticns cf wires

and cables from example 4-5.

.r() uMw, ,o, h.y'U.,a,HouMnaabals hirma"Muuoro TOKON Rik

PaCq*.UM 1" roK pdCtten- cpGeamsaHWa rpy3K& Xa
ARUNN. a Tii. a PdC&ZetMTeAR. upoba" (Ka.

)() - . a___, a G (b
HAb M~obiUS lEud (n ' ~ ) .K*'U O , M (ca~cam).

1 2 C6 a a1

K p sraTe mo I . . . . .. 73,1 432 86 10 540 800 ! 100 105 AlPTO 3X50

K 8Iac TP0AsuraTe.m 2 ...... ... 73,1 432 86 100 540 800 1 100 105 AnIPTO 3X50

K ssrpoitmraTe.aO 3:
Q I) OT cN.uomoro nymKTa Ao ny-

CXae.lM. ........... .69 448 81.5 100 560 800 1 100 105 AniPTO 3X50
( l yCKaTe.U AO AsuraTeI 86.3 - - - 1 100 100 IIPTO 3X35

KIMIerponaaraIe.flo 4:
(O) or c. iooro nytuxa Ao ny-

ciaTeia.. . ......... ... 10.5 52.5 12.4 15 66 430 1 15 16 AFIPTO 3X2.5

0? nyCo1 eA* A rnam 13. - - - 1 15 21 nIPTO 3X2.5

K elxTpnAmraeomm 51 . . . 15.4 87.6 18 20 110 430 1 20 23 AI'PTO 3X4

.Ma.rpaa ............. 168 547 68 200 682 1 600 0.66 168 190 AAsr 3X95

Key: (1). Designation ct lines. (. j. Calculated current of line, A.

(3). Rated currant of relaase, A. 44). Setting of currant cf

instantaneous functicnIrS cl release, A. (5). Permissible current

load on wire (cable), A. (b). ircIcnged. (7). short-term. (8).

calculated. (9). accepted. 110). calculated. (11). accepted. (12).

actual. (13). Brand and secticn ct wire (catle), mm2 . (14). Tc

* electric motor. (15). frcm jower fcint/item tc starter. (16). from

starter to engine. (16a). and. 117). mair line.

IIkI

- * .
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Table 4-53. The maximum ritrd currents of the fuse links of

inertia-free safety devicas/iuses and the permissible ccnstant Icads

for the wirqs and the ca1as wita the aluminum veins/strands in the

production nonexplosior and tirEprccf locaticrs, in which is require!d

circuit protection from the cverlcading.

(1) OiKpaT21ra poaila.itia (-A,) nflif"Sam a TPYa

%np HPr~ rip. %HPr. ABPr AAr. AAsr AJnPTO. AHPr. Aspr
\HPr

frp3a H.,,.iyx. To a-Hj)7.T~~c Harw.
a ac 'L a Rif. a" Or YKI, aeis. I .

I I 0 ~ ..

2.5 24 23 25 21 19 20 23 22 25 20 19 20 19 16 0o 15
4 32 31 30 29 27 30 31 29 30 28 28 30 25 21 25 20
6 39 38 40 3832 40 130 4235 s0 36 32 30 31 26 30 25

10 5560 60 .55 42 5040 55 46 o 50 47 50 42 39 40
16 So075 80 70 60 60 75 60 80 60 60 60 60 62 54 60
25 105 .05(00 90go75 80 100 80 A. .8085.80 80 77 65 s0
35 130 130 120 105 90 100 115 95120 0o 100 95 100 96 77 80
.50 165 165 200 135 110 120 140 1 20 150 120 140 130 150 123 104 120 1 100
70 210 210 200 165 140 150 175 155 200 150 175 165 200 150 135 150
95 255 250 250 200 170 200 210 190 200 215 200 200 189 166 200
120 295 295 300 230 200 200 245 220 250 245 290 250 228 192 200
150 340 340 350 270 23 250 290 255 300 1250 27525250 --
185 390 295 400 310 270 300 - 290 300 - -.. - -.

Kay: (1). Surfacei work. (2). Saijarator in tutes. (3). Section, mm2 .

(f4) . Load, A. (5) . Current of insert, A. (6) . single-cable. (7).

twin-cored. (8). three-strand. 19). two single-cable. (10). three

single-cablq. (11). twc ara taree single-catle. (12). one twin-ccred.

* (13). cne three-strand.



DCC =8004i0306 FAGF Air~

Page 127.

Iabl3 4-54. The maximum rated curzints of the fuse links of

inprtia-fr:.e safety dqvicas/fuses and the permissible constant loads

for the wires and the cahlas wi~n the alum-.num veins/strands (voltage

of uo to 100OV) in the exFicsicr- and flammable locations and in the

networks of the non-prcaucticn locations, in %hich is required

oveirload protection.

(15 OiupOMrn npoaa .aN (2.) npm aaxa a Tvyt

MWp AH AflP. Aipr. ADPr AAr. AA~r ArIPTO. Ampr. ABPr
'3) Harpy3 CaS- HarWy3A. omLva. Hat yma r I

WT& PY1y1111., TOK BTaSKU,

aa . a TM. a a KU. a us.T* 4

(4ft) A K

43 iq Ai X On - ;: X

2.5 24 23 20 21 19 Is 23 22 20 20 19 15 19 16 15
4 32 31 25 29 27 20 31 29 30 28 28 25 25 21 20
6 39 38 30 38 32 30 125 42 35 40 36 32 25 31 26 25

10 5560 50 5542 40 55 46 50 5047 40 42 39 30
16 80 75 60 7060 50 75 60 80 606060 50 62 54 50
35 13n 130 10010590 80 115 95 120 100 95 80 96 77 80 60

50 I5 165 150 135 110 t0 140 120 150 120 140 130 100 123 104 100 80
70 210 210 200 165 140 120 175 155 200 150 175 165 150 150 125 I-0
95 255 250 2o0 200 170 150 210 190 200 215 200 150 189 166 ' 150
120 295 195 250 23n 200 200 I 150 245 220 250 245 '220 200 228 192 150
150 340 340 30o 27 0 ?35 200 290 255 300 1250 27 25 200 - - -
185 390395 300 310 270 250 -290 300 - - - -

Key: (1). Surface work. (i). Sejarator ir tubes. (3). Section, MM2.

(4). Load, A. (5). Current cf insext, A. (6). single-cable. (7).

twin-cor-d. (8). three-strand. (9) . two single-cable. (10). three

single-cabl.. (11). twc ana tnree single-catle. (12). one twin-cored.

(13). onc thr o-strand.

AM
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Table 4-55. the maximui rated currents of the thermal and cohkined

rslpases of thq automatic macnines of seri~s AJ3100 and the

permissible constant Icads fcr tbi wires and the cables with the

aluminum veins/strands (vc.ray; or up to 1000V), A.

(1) OT .PMT;16 RPO. AJAka _i) nP * 4PYA

AP I AHPr nP. AHPrI Alpr. i opr AA1. AAfsr AnPTO. APr. AsprJ(4 L s) H 60 & (? W_) R) H (D 'M,
Hou- tOUdIftaAb. HOMIII4IAb. hGas~Ic.. Irrpyssa MQ b bI4 H.rpyifa [ MA TON Hirplis hUi ' o HarVi'iua O0 a .I Hrpy3x a ,A 70K

efTO *p1rAnMeapCL*ITA .nr. a2nJ

K,..
@AlQ~lbk 1 t / . u III ~

~ ~~)qg ~i I2 2 . 2

2.524 23 25 21 19 20 2322 25 203 19 20 19 16 20 is*
4 32 31 30129 27 30 31 29 30 28 28 30 25 21 25 20
6 39 38 40 38 3240 1 30 42 35 40 36 32 30 31 26 30 123
10 55 60 60 55 42 60 40 55 46 50 5047 50 42 39 40
16 8075 85 70 6 70 160 75 60 85 1 60 6060 60 6254 60
25 105 105 100 9J0 75 85 300 80100 8585 80 85 77 65 1 70
35 130 130 140 305 90 100 115 95 120 100 I00 95 100 96 77 a5
50 165 165 170 135 110 120 140 120 140 120 140 130 140 123 77 120 8 500
70 210 2101 200 165 (40 140 175 155 170 175 15 111 70 150 1045 -1000
95 255 250 1 250 200 170 200 1 170 210 190 200 215 200 200 49 166 170
120 295 195 300 230 1 200 200 245 220 250 245 200 250 228 192 200
150 340 340 350 270 235 250 290 255 300 275 255 250 -

1 3035 310 2701 300 - 290 300 - - -I -

Key: (1). Surface work. (j). Sejazator in tutes. (3). Secticn, mm2 .

(4). Load. (5). Rate3d current of release. (6). single-cable. (7).

twin-cored-. (B). three-strand. 49). two single-cable. (10). three

singla-cable. (11). twc ana thre6 single-cable. (12). one twin-ccred.

(13). one three-strand.

.I
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Tabli 4-56. Permissible icads auring intermittent service for the

vires and thq cablis tc 1000V with the aluminum veins/strands, laid

in the air opened or in the tutes, A.

Ag;V AM AhPr. ANTI. ACPr AZWo, Am.PT Amp, Acpr.. Il__ i a it .V1W. -- . G'I". - - AH" " - GAN 0- GAU r.

I__2___175___ no XID 40%j -no -Tn ' flu 24 ono=nocno5%ln wi % fiB 25%lo4%n 2%ow

2.5 24 24 21 21 19 19 20 20 19119 19 19 19 19 16 6
4 32 32 29 29 27 27 28 28 28 28 23 23 25 25 21 21
6 39 39 38 38 32 32 36 36 32 32) 30 30 31 31 26 26

10 55 55 55 55 42 42 so 50 47 47 39 39 42 42 39 393
16 140 1 |1 123 97 105 83 105 83 105 83 96 ,76 108 H 95 75
25 184 146 158 125 131 103 149 118 140 III 123 97 135 107 114 90
35 2*27 179 184 145 157 124 175 138 167 132 149 118 lbd 133 135 107
so 289 =28 236 1186 193 153 245 193 228 180 210 1 f6 2115 170 W~2 144
70 367 29O 289 228 244 193 307 213 289 228 2,5 1 'J 212 208 236 187

95 445 35) 350 277 29)7 235 376 21)8 I350 277 307 243 33 31 262 292 230120 515 407 402*' 31 8 350 277 428 339 385 304 350 277 40 15 3U -65

185 W83540 543 428 472374 - - - -

Key: (1). Surfaces work. (2). LA ny in tubes. (3). Nominal section,

mm2 . (4). singla-cable. (5). twIn-cored. (6). three-strand. (1) . two

singlg-cable. (8). three single-catle. (9). fcur singla-cable. (10).

cne singlq-cable. (11). cne taree-strand.

I
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Section Five

SELECTION OF SECTIONS Ck ,IB25 ANE CABLES ON IHE PEBMISSIBLE LOSS OF

VOLTAGE.

5-1. Active and inductive zeactancms of lire.

The effective resistance of wires and cables from the nonferrous

metals is determined or cue or tba following fcraulas:

100 (D)
r oju, ' (5-2)

, = /-, cl . (5-2)

Key: (1). 0/km.

whirq p - calculated srecific rEsistor/resistance of wire or cable

core, Qemm2/m;

* - calculated specific ccnductivity cf wire cr cable core, 1/QM2;

F- nominal section of wire or cable, m2 .

values of specific xasistcr/resistarce and specific conductivity

I
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tor ccpper wires; and cableas:

pa-.0189 4o)iOv. Y,- 53/dO.~1

for aluminumn wires and cacles

*PS-O, 0315 
0A(m2A ye-3t7 A16ji s .

Kzy:(1. mm/.().IouZ
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-able 5-1. The effective resistance of wires and cables, 0/ku.

Iqw n'a.4 ('e.e PLI I (.3) m I (e

i18,9 --

1.5 12.6 -
2.5 7.55 12.6
4 4.65 7,90
6 3.06 5.26
10 1,84 3,16 3.12
16 1.20 1.98 2.06
i5 0.74 1.28 1.38
35 0.54 0,92 0,8550 0.39 0.64 0,65
70 0,28 0.46 0,46
95 0.1.0 O.34 0,33
120 0.158 0.27 0,27
150 0.123 0.21 0,21
185 0,103 0.17 0.17

210 0.078 0.132 0.132
300 0.062 0.106 0,107
400 0.047 0,06 0.06

K v: (1). Section of wire, mm2 . (2). Ccpper wires and cables. (3).

Aluminum wires and cables. (LI). Steel-aluminus wires.

I.
"- A t"
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abl* 5-2. Inductive reactances ot aerial lines, G/ka.
Ce~ ,PA f .. , , ..,

a,~pa-
"act"i S 10162 1:I~ I"I ' ~II

meJ4
. 

NMJ04OAOI

(')M*dMw npooxa
400 0,371 0.355 0.333 0.319 0.308 0.a97 0 283 0.274 --

600 0,397 0.381 0.358 0,345 0.336 0.325 0.309 0,300 0,292 0.287 0,280
800 0,415 0.399 0.377 0.363 0.352 0.341 0.327 0.318 0,310 0,305 0.298
1000 0,429 0,413 0,391 0.377 0,366 0.355 0.341 0.332 0,324 0.319 0.313
1250 0,443 27 0405 0,39 0,380 0,369 0.355 0,316 0,338 0,333 0,327
15OO - 0.438 0.416 0,402 0,391 0,3-40 0.366 0,357 0.349 0,344 0,338
2000 - 0,457 0.435 , 0.421 0,410 0,398 0,385 0.376 0,368 0.363 0,357
2500 - - 0.449 0,435 0,421 0.,413 0,399 0.390 0.382 0.377 0.371
3000 - - 0,460 0.446 0.435 0.423 0,410 0.401 0.393 0,388 0.382

(.,A4oA IaMeui 11po da

600 | - - 0,359 0,345 0,336 0.325 0.315 0.303 0,2097 0,288 0.279
g0o - - 0.377 0,363 0,352 0.341 0.331 0.319 0,313 0.305 0,208

1000 - - 0.391 0,377 0,366 0,355 0.345 0.334 0.327 0.319 0.311
1250 - - 0.405 0.391 0,380 0.369 0,359 0,347 0.341 0.333 0.328
1500 - - 0.402 0.391 0.3t0 0,370 0.358 0,152 0.344 0.339
2000 - - - 0,421 0,410 0.398 0,38d 0,371 0.371 0.363 • 0.355

(L,)CAaAea.,o.,,wuetae npoda
(20001 ] 0403 1 0.392 I 0,382 0.371 0'365 0'358 I -

2500 -- I - ' 047 0,406 0,396 0.385 0,379 0.272 -

3 ODO 0,429 0,418 0,408 0.397 1 0.391 0.384 0.377

Key: (1). Geohetrical mean sejaration, mm. (2). Secticn of wires,

m 2 . (3). Inductiv; reactance. 14). Ccpper wires. (5). Alumitum

wires. (6) . St4el-alumirum wiza-.

I"
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Table 5-3. ActivR and irtexral inductive reactances of aerial lines,

made by stqel wires, Q9/m.

SAKT118406 eOnVOTHSAV4n.C =(b)BHYPCwwee NJYRTHRHOC coopoflhlgnUise
n cn.o-3.sl rico.4 i nco-s I nc.--s I nc-ls I nc.so I Mn1cO-. 1 nco- io4 i nco-s I nc..:s I nc.3s I nc-so I nc.7o

0,5 14.9 11.5 - - - - 1,04 0.69 -_ - - -
I 15.2 11.8 - 5.25 3.66 2,75 1.70 2.27 1.54 - 0.54 0.33 0,23 0.16

1.5 15.7 12.3 7.9 5.26 3.66 2,75 1,70 4.24 2.82 2.13 0.55 0.34 0.23 0,16
2 16.1 12.5 8.35 5.27 3,66 2.75 1.70 6,45 4.38 3.58 0.55 0,35 0.24 0,17
3 17.4 13.4 9.5 5.28 3.67 2.75 1,70 9.60 7.90 6,45 0.56 0.36 0.25 0.17
4 18s 14.3 10,.8 5.30 3.69 2.75 1.70 11.9 9,70 8.10 0.59 0,37 0.25 0.,8
5 20.1 15,5 12.3 532 3,70 2.75 1.70 14,1 11,5 9,7 0.63 0.40 0,26 0,18
6 21.4 16.5 13.8 5,35 3.71 2,75 1.70 16.3 12.5 11.2 0.67 0.42 0.27 0.19
7 21.5 17,3 15,0 5,37 3,73 2.75 1.70 16.5 13,2 12.3 0,70 0.45 0.27 0.19
8 21.7 18.0 15.4 5.40 3.75 2.76 1.70 16.7 14.2 13.3 0.77 0.48 0.28 0,20
9 21.8 18.1 15,2 5.45 3,77 2.77 1.70 16.9 14.3 13.1 0,84 0,51 0.29 0.20

10 21.9 18.1 14.6 5.50 3.80 2,78 1,70 17.1 14,3 12,4 0.93 0,55 0,30 0.21
Is 20,2 17.3 13.6 5.97 4.02 2,80 1.70 18.3 13.3 11.4 1.33 0.75 0,35 0.2320 - - 12.7 6,70 4,40 2.85 1,72 - - 10.5 1.63 1.04 0,42 0.25
25 6,97 4.89 2.95 1.74 - - - 1,91 1.32 0.49 0.27
30 7.10 5.21 3,10 1.77 - - - 2.01 1.56 0.59 0.30
3 - - 7.10 5.36 3,25 1.79 - - - 2.06 1,66 0.69 0,33

,40 - 702 5.35 3.40 1,83 - - - 2.09 1.69 0.80 0.37
6.92 5.30 3.52 1.88 -208 1,71 0:91 0,4150 6.85 5.25 3,61 1.93 - ,7 .2 10 0.45

60 6.70 5,13 3.69 2,07 - 2.00 1,70 1,10 0.55
70 - - 5.00 3.73 2.21 - - - - 1.64 1.14 0.6580- 3.70 2.27 - - - - - 1.15 0.70
-.90 3,68 2.29 - - - - - 1.14 0.72
1 -- 2.33 - - - - - - 0.73
125 2.33 - - - - - - 0.73

K-y: (1). That line, A. (2). fi active resistance. (3). Internal

inductive reactance.

k..
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Page 133.

Table 5-4. Inductive reactances oi triple-ccres cable and insulated

wires, laid on thp rcllhr ard insulators, G/ka.

TP4Z2~mIUM lade.. C iWANUMS 3RuAhun 3AP0

. , | =COX TOpaxt

1.5 - "-- 0.28 0,32
2,5 - - ,0 -. 0,26 0,30
4 0.095 0.-.- 0.25 0.29
a 0.090 0.104 -. " 0.23 0.28

20 0,073 0.0825 0.11 0,122 0.22 0,26
16 0.0675 0,0757 0.102 0,113 0.22 0.24
25 0,0662 0,0714 0.091 0,099 0,20 0.24
35 0,0637 0.0688 0,087 0,095 0.19 0,24

.50 0.0625 0.0670 0.083 0.09t 0.19 0,23
70 0.0612 0.0650 0,08 0,084 0,19 0.23
95 0.0602 0.0636 0.078 0,083 0,18 0.23

120 0. W0 0.0626 0.076 0,081 0.18 0.22
150 0,0696 0,0610 0.074 0,079 - -
18* 0.069 0,0605 0.073 0.077 -
240 0.MR7 0.095 0.071 0.075 -

Key: (1). Section, mz. (2). 'TiL:le-cores catle with copper

veins/strands. (3). Insulated bires. (4). tc. (5). kV. (6). cn

rollers. (7). on insulatcrs.

a

~.., I
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Table 5-5. External inductive Leactances of aerial lines with the

steel wirps.

;r-. (J)zmap.* UPWAO

paerm I nco.3 ncoo- nco4s 1f I-2 nc. tC3s I l. rtC- G

w I (e) Snwuce HIyT,,,,,Oe cOnpoTMI'eNle' '. OMeMIWMI

400 0.341 0.332 0,318 0,314 0,290 0.281 -
600 0.368 0.3-59 0.345 0.336 0.317 0.308 0.295
800 0,384 0,375 0,361 0,354 0.333 0,321 0,311

1000 0,398 0.389 0,375 0,368 0.347 0.338 0,325
2 - .0.,403 0.489 0.381 0.361 0.3.52 0.339

150 - 0.414 0,400 0,393 0.372 0.363 0,350
2000 - - - 0.412 0.391 0.382 0.369

Kay: (1). Gometrical ieaa sepazation, mm. (2). Brand of wires. (3).

External inductive reactance z, Q/ks.

-j I
At
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Tab1. 5-6. Active (ohmic) and inauctive reactances cf the bus-ars cf

rectangu.lar cross sacticn frcm aluminum and ccpper.

IpU Ytx~pamrype LINKM 430C. omIa COPOMems.HUe

I 0 I 4
_____ NUNIO Tome mo TrOM awa T HO ome RIOM TORO 2W MA. &a.I9a

25X3 0,410 0 418 0.248 0 0263 I0.253
30X4 0.256 I0.269 I0.156 1.75 0.240

40X4 0,192 0,211 0.117 6,138 0.224
40X5 0.154 0,173 0.0935 0,112 0,222
50X5 0.123 0.3-40 0,0749 0,0913 0,210
50X6 0.102 0,119 0.0624 0.0780 0.208
60X6 O.055 0,102 0,0520 0,0671 01198
80&6 0.0640 0,0772 0.0390 U, 0507 0.182

IOOX6 0.0510 0,C635 0.0312 0.0411 0.169
60X8. 0.0640 0.0772 0.0390 0.0507 0.196
80X8 0.0481 0.0595 0.0293 0.0395 0,179

10OX8 0.0385 0.0188 0,0234 0,0321 0,168
120X8 0,0320 0,0410 0.0195 0.0271 0.156
80X10 0.0385 0,0495 0.0234 0,0323 0,179

IOOXIO 0.0308 0,0398 0.0187 0.0260 0,165
120X30 0.0255 0.0331 0,0156 0.0218 0,156

Key: (1). Sizes/dimensicns cf busrars, mu. (2). Active (ohmic)

rasistor/resistance at temperatura of busba: cf +300 C, Q/km. (3).

Inductive reactance vita distance tetwe.n centers of tusbars 250 mm,

0/km. (4). Aluminum tuslars. (5). Copper bu~tars. (6). with direct

current. (7). with altersdtiny current.
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Page 134.

Table 5-7. Active and inductive resistors/resistances of ccnductors

with thi aluminum busbais oi series ShMA and ShEA.

( 3) lkdO()

( S) ,MazucmpaAbw.e oronpoEod
WMA59.1 0.024 0,02
IU.MA59-2 I 0.016 0.02

WMA59-4 0,010 I 0.02
(()Pacnpede.,me.,zbte mor.onpoaod,

UIPA60.2 0,21 0.18
IEIPA O.4 0.13 010
WPA60.6 0.08 Oi

Key: (1). Type. (2). ReSzsoZ or /si.tance, Q/kx. (3). active. (4).

inductive. (5). Main-line conductors. (6). Distributive conductors.

.1

I,
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'fable 5-8. Maximum values or r-hj 6ctions of wires and cables for

which to admissibly conauct calculation cn the loss cf voltage

without taking into acccunt inauctive reactance of wires (for the net

of alternating current bith tne fgequency cf 50 Hz).

q'fICT (. 5 .9 1 0.85 Os 1 07

TX) Matep4& r~pooae I A AM LiA J1 A 141AIM4I1A

(1Ipodeaiio , , .... . I.. .70120 50 95 35 70 35 50 2550 25 35
(W)Ka6e.i -10 go . . . . 50 95 35 50 25 50 251 35 16 25 16 25
(57 1pomoW 8 Tpy(Ja . . .. 50 95 35 50 35 50 25 35 16 25 16 25
1Iposofaa poInmax. . . 25 35 16 25 10 16 10 10 6 10 6 10

4 ~1POGAa H3 M30.lJTOPZ. 16 25 10 16 10 16 6 10 6 10 6 6

Note. M- copper wires and caDles; A - aluminum wires and cables.

Key: (1). Power factor. (2). Baterial of wires. (3). Cables tc 1 kV.

(4) . Cables 6-10 kV. (5). Wires in tubes. (6). Vir=-s "cn rollers. 17).

wires on ±_nsulatcrs.

WI

AJ
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Page 135.

Table 5-9. Values and units are tDe measurement of the values,

:ntring formulas (5-6) ana (5-7).

MLMc O = rhia n4 (msat - qacahe'SE.U oauea MAN ( LIE48Ah
08"U. oa . U =~~O Rp. HM~IMdMA.M MOMAlyaJNaW

Ma E3UPMKSIwomMe LUNUTS MaupoUNu. go
A.IE"- AU aIs

" 'XOaeou ,neeuea i 0.n 2 0l0631
. elft"WA HAM 2

UOMUZI To ___--'-_" 0.0377

2 0,0287 0,0166 0,00956
-1-0* O ~U 01-71 U. 0-992I 0.00571 ___

2 0.287 0.166 0.0957
XPIYU -6. 17 60-92 _____ _7 __ I

2 0,130 0.0437 0.0115 -

h 0yU-' 60777 1U.0261 600865-
-" o _0,0545

n___ nepemeuml To y O -3-036

a-AY 3  0,0248 10.0143 0,008&26
le ' 0* 0.0148 T.00858 5o.0u--" - -

-1 0,143 0,083 0,478
yP ~~ U. 0,0855 0.,001-661 0,0653 0,029 0.00725

-. - ,_____ ,_ oU. 0_ O 0 .o 0131 5UO. 43

Tp 3mbig nepeNH IA TOK 1000 143.0 83.0 478 .5.25 3,16

DCfI.C 5  5 49.6 7-2.6 3 .- 9

100 65,3 21.9 7.25 0,0875 0.0316

~0/0 - -u-;T -0 _ 523 0,0 89

a tO' 5250 3160

13.cM YU, 3 140 1 6.90

10, 87.5 31.6

______5 yJ52.3 =8
(hrl viesum OT 4eTbpeXnpo-

00o oa AuUM TpezOmaHoro 6 0.392 0,131
4)oaoom ,0yU2 T., 0786 -

:-,,25 0.147 0,0493 - - -

6)AYOU A -5 00
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Note-. In the given iormulas are accepted the following

qeneral/common/total units the zedcurenlent: sfecific conductivity y

m/Qoem 2 nominal interphaze vcltage Us. kV.

Key: (1). System of currenz. (2). Sum of load moments on sections of

lines. (3). Units measurement. 44). LOSS of vcltage. (5). value of

coefficient. (6) . Numerical value cf coefficient a, for aluminum

(numerator) and copper (denominator) wires and cables with ncminal

intr-rphase voltage, kV. (7). Single~-phase alternating or direct

currint. (8). Aom. (9) . in. (10). KW*&. (11) . Threq-phase alternating

current. (12). kW4*km. 113). MWeka. (14). Branchings from four-wire

line of three-phase current. (15). single-phase. (16). two-phase.

Page 137.

Inductive reactance of three-jihase line with the wires from the

nonfqrrous metals at the frequency of alterrating current 50 Hz is

determined from the fcraula

whqe d - outer diameter cz wire, am;
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D - 1-ometrical mean sefardtica of line, ccmputed from the fcrmula

D - ,VDaaD2,.,,. (54)

In (5-4) D1, D23 and L.3L - separation ir each pair of the wires

cf thre4-phass line, mf.

Effective resistarce to I km cf wire or cable ccre are given to

Tabli 5-1, inductive resistcis/zesistances tc 1 ka cf line - in

able 5-2 and 5-4.

For the steel wires active anu internal inductive the

resistors/resistances depend ca the takirg place on the wire

alternating current and are determined in depending on current on

kable 5-3. External inductive zeactancqs of aerial lines, made by

steel wiris, are given in Tabla 5-5. General/ccmmcn/total inductive

reactancp of aerial lire, made ry steel wires, is defined as sum

external x' and internal x" inductive reactances:

Q,='+" /Am. (5-5)

Active and inductive the resistor/resistance of conductcr, made

from aluminum or copter tustaxs, are given ir Table 5-6. Effective

reqsistance exceeds ohmic due tc the surface/skin effect.

For the conductcrE c! series ShRA and Shl (articla of the
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plants of Glavelektromcntazh L - Main Administration for

Installaticn cf Electrical Equijmert cf flectric Power Plants and

SubstationsD the values cz resistcrs/resistarces are given in Table

5-7.

5-2. Calculation of netwcrk/gid according tc the permissible loss of

voltags without taking into acccunt inductive reactance of line.

Without taking intc account inductive reactance cf line for the

loss of voltage they are desigaed:

1) mains of the dizecz current;

2) the line of the ret cz alternating current, for which the

Fower factor is equal tc I (ccs oz-I)

3) the nets, made ty wires within the kuildings or cables, if

their sections do not eiceed the indicated in table 5-8 values.

With the assigned sccticn ct the wires cf lcss contour cf

voltage is determined frca tbe fcraula

M.6 Uurn% T. '(54).
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Page 138.

Section with the assigned loss of voltage is calculated from the

formula
Me

wher F - a section of %ire, mm2; AU - lcss cf voltage in the line,

V or o/o; M. - sum cf tue load moments, i.e., the sum of the

products cf tha resistive Icads, rzansmitted ty the sections cf line,

on the lengths of these sections; a, - ccefficient, depending on the

system of current and accepted during the ccmFutations units

measurement for the enterinj tne fcrmula values.

Values and un-its tne measurement of the values, entering in

(5-6) and (5-7), are given in latle 5-9.

Example 5-1. Fig. 5-1 yives netwcrk cf air four-wire net

380/220 V. The lengths of zne sections of net are shown in the

diagram in the kilcmeteis, Icads - in the kilc¢atts, factor of power

cos 4=1. To oroduce the calculatica of net tc the loss of voltage, if

the permissible loss of voitaye A O-4o/o. Material of the wires of net
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- aluminum.

Solution. Calculatica is rcauced according to formulas (5-6)

and (5-7). We find thiaiz Talius 5-5 of value cf coefficient a, for

th6 loads, expressed in tne kilcwaxts, the lengths of the sections cf

line in the kilometers and tke Iss of vcltage in the percentages.

Under these conditions we will cbtain:
to&

In our case nominal Intex hase line voltage Us-0,38 kV; the

specific conductivity cf aluminum 7f31. 7 m/Gemm2, whence the

numerical value cf the ccezficient

too1. 731.7.0.3* -2. ,m a m & Z

Tha numerical value ct coefficient a1 can be directly ottained

fromTable 5-9.

:1f
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r

A go l s -_.. .,,-v , _4 8

,4 I $ ,J 1

Fig. 5-1. Diagram for example 5-1.

Page 130.

We determine values M, for the fundamental main line and the

b zanchiigs:
Mai 5 38.0,08 + 24.0.16 + 14.0.12 8.56 am.xM; I'

MA.i=5.0,12+2.0.14=0.88 m.O,,c;

Ma , 4.0.12 + 2-0,15 0.78 gem.gm..

Key: (1) kWokm.

Great value M, is c¢taivea in the secticr ABV:

M8.*-8,-56+0,88-9.44 Ai~km.

" After substitutinc rumerical values in (5-7), let us determine

the minimally permissible sec-icn of line acccrding to the ccnditicn

of the galleriss of the voltayc:

w. 9.44F =a, -0 21,9. L - 5 1.5 Axt.
.4t 4

we accept the secticn ct jhase conductors for the main line AB

I.i
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equal to:

• pAjS 7 0 j*

Th3 section of neurzal ccntuctor wa take as for the main line

the equal to the half tke phase:

0AB- 36 ,A,.

We find the loss cf voltage in the main line AE through (5-6):
MAB .,8.56

-aSu , S- ,'. 9 . 70-- 2. 68

Loss of voltage, permitted fcr the tranclings BV and BG,

US .- 4- 2.68m - 1.32%. j
We determine the secticn of kranching EV:

0.98
S..31 14.6 ,.a

and the section cf brarcbia4 BG:
0.78FW - 2t.9. L"1"2. e

According to ths ccnditicn of the mechanical strength (see Table

1-11) we accept the secticns ci inase and neutral conductors for the

branchings BV and BG equal tc 16 am2 .

*Page 131.

5-3. Calculation of net according to loss of voltage taking into

acccunt inductance of lines.

Ths losses of vcltad uivh the assigned section of the wires of

linq taking into acccurt inuuctive reactance cf line with different
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coefficients cf power Icading c line it is determined from the

formula

dIU -a,(, Ma+ XM,) i (5-8)

with th. identical pcwer factcr rcr all icads of the line

&U= r,, (cos (F+ sin q)M. (5-9)

wherq AU - a loss of vcltage in tte line, V cr o/o; r and x -

active and inductive reactances or line, 9/ku; M. - sum of the

romfnts/tor-lues cf the zesiazive lcads; M, - sum of the

moments/torques of the reacziva load; M - sum of the moments/torques

of the full loads; a2 - coff~icient, depending cn the system cf the

currint and thA units accepteu measurement fcz the entering the

formulas values.

Values a2 and units tbs seasurement of the values, entering in

(5-8) and (5-9), are given in Tarle 5-12.

The selection of the secticn cf the wires cf line in the

assigned maqnitude of losses ct vcitage taking into account the

inductance of line is ccnducted as follows.
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Table 5-10. The standard deviaticns of vcltage from the nominal on

the termi.nals/grippers cf electrical receivers with respect tc GOST

13109-67.

(iJomycriame npe-
ACA OTXaaneINU
| anpauceuN. S

HaenwemI * j.¢n1 TponpiteM~nnxos |3a6mhax saerTpo.
OPEUNelkC Cyr

'. * (.3,/ (h)

3.1elxrpoae1HraTe... ....... ................. +10 a -5
JLAMmna pa6otero ocseUeHnt nPOaXMMhUeMIx npeAlzpux-

(a)Tul n o(ueCTo..,.IX "Jaim, namnu npoe ropuxK4
ycraoeox w~pytoro ocalemesn ..... .......... +5 u-2.5

(')c0 bI-,bie 3 .ieTponpwe-Hnxx ..... ............ +5 $-

Note. In the after-emergency modes/conditicns is allowed/assumed

supplemqntary decrease in the voltage on 5o/c.

Key: (1). Designations cf electrical receivers. (2). Permissitle

limits of deviation cf lcad vclzaye of electrical receivers from

nominal, o/o. (3). Electtic uctcts. (4). Tubes cf working

illumination of industrial enzerpzises and putlic buildings, lamp of

searchlight installaticne of extericr lighting. (5). Remaining

electrical receivers. If) and.

Tabl 5-11. Oscillations/ivirazions of voltage, permitted on the

terminals/grippers of tutes and radio sets cn GCST 13109-67.

L.
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2 4

4 2.5
6 2
8 1.75

t0 1.6
5 1.4

210 1.3
30 1.2
50 1.12

100 1.08
>100 I,0

Key: (1). Number of cscillaticas/vibraticns cf voltage in the hour.

(2). Permissitle values cf cscillation/vibraticn of vcltage from

nominal, o/o.

Page 141.

Is determined the value cf the calculated value cf the loss of

voltage according to the fczmuL-a

AU.-AU-o,.t. 3 M (5-10)

where AU - the pqrmissitla lcss ct voltage in the line, V cr o/c;

M,- maximum value of the sum cz the moments/torques cf reactive load

for the designed line; xa - average/mean inductive reactance cf line,

V/km.

The values of averagi/mean inductive reactances of line are

qiven in Table 5-13.

• .1
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Subsequently the calculazicn is conducted en (5-6) and (5-7).

According to the terminaticn cf calculation the magnitude of

losses of voltagi in tke line is more precisely formulated on (5-8)

or (5-9)

Example 5-2. Fig. 5-2 gives network of air three-phase line 6

kV. Resistive loads in tha megahatts in the diagram are shcwn in the

numerators of fracticns, reactive load in the mega-pitches/mega-vars

- in their denominators, tae lengzbs of lines - in the kilometers.

Power factor for all lcads of net is identical and equal to 0.85. Tc

produce the calculation ci line to the loss cf voltage taking into

acccunt the inductance ci wares. Material of %ires - aluminum. Medium

ssparation mm. Pexmissible loss of vcltace AU=6.5o/c.

Solution. We determine the cinents/torques of the active and

reactive lcad of the secticas cf the line:

~mmeuu yqe1~ Mr Mmtar - £,_ Mea P.N

AS 0.83.2=1,97 0.611.2=1.222
SB " 0,085.9.0,765 0,05-.9=0.477
sf 0.27'.4-aI,0 0.168.4"0.672
5.9 0. 153.6m0,92 J 0.095.6-0.57

Key: (1). Designations cf the section of line. (2). MW-km. (3).

mvare km.
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From Table 5-12

US-2,781 x

From Table 5-13

z.,-0, 0./k

MIaximium valuq M, (tCr the soczion of line AEG)

MrAW -t. 2 22 +O,6 7 2  1,894 M Va8r 0 K

We determine the calcu.Lated value cf the lcss Cf voltage on

Au. m8A-Z78. 0,4.1,894-4.4%.
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AD 4 .i

g i l 1 1

A

Fig. 5-2. Diagram for exaakle 5-.i.

Pages 142-1L43.

We determine the section ot wire on (5-7). Value cf coefficient

a, in Tables 5-9

a,-87,5 0292/26WV2

Liaximum value M. (tcr tta Section cf line ABG)

Min4MUM section of the line
3.05

F.87.5iT- 6 0.7 
"

ole accept thsa secticn of main line AB the equal to 70 Mg2.

iSQ determine the loss of vcltaqq in the sectionl AB on (5-6):

WAAS 97,5-v W-2,469,4-
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Table 5-12. Values and units ari tne measurement of the values,

Frnterin j formulas (5-8) and (5-S) .

3,) CyMnMa WIO,%1HTOA "arpywo. w~ 7KImaum JUWnI (7) '1" 4mCnho4 311Aq,,ge o nui.gaa
&) ......~ I -) PelaRllmNM (T) GOMZ fliepA4 3aiette fipo I4Ouwlabloom Wttt)i*M4 fanpamell". r,

CmcreibI TRoa -- u~~-J---~ p"-41090mume5?a
iM a e~xukua M I eARNwUB ~ A I 1~NU 0.22 0.3 0.1 ou 10

a W3 Nmepeums x 3mepGNEN hihepenma tI

O*Q# 3Hb 2 2
npmim a. - 14E' a.,w Ell a~j -KAI_ -___

IOU, 0, :909 0.526 0,3030,3[12

2 09 5.2.093.03 0. 333 .. 2

;P1 KOM.OCA ZQI £"-Aai~ ZSI 96aozX 2

TpeXOMWHbA 8 1.73

10 E~l 4A ,1 ac~ Ei 4/ '.J0 0,787 0.455 0.263 0, 0289 0. 0172

4,55 2.63 1,52 0,16710.1

61tam -KU ZQI iueap ZS1 Mea - -m

-/$ r 2.07 0.69 0.23 0. 00271 0.01
I,

1 000 167 100

E P I Mm - X A E Q 8 M ap -KA. E s t m .I u F10
- - 2.78 1

K;ey: (1) . Systems of current. (.2). Sum of lcad moments on sections of

lines. (3) active. (4) reactiva/3at. (5) complete. (6). Losses of

voltage. (7). Valua cf ccafficient. (8). NITv~erical value of

coefficient Ct2 with rcmiral interphase vcltage, kV. (9) unit

* reaslirement. (10). Single-L-base alternating current. (11) kWokm. (12)

kvar~km. (13) kVA~km. (14~). Tbree-jphase alterratiny current. 5)

'AA"
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Page 144.

Loss of voltage, FermitteQ for the hrancbing' frcm the pcint B

* of the line

A/,s = 4.4 2.46 - 1.946,/.

We determine the seticn cf the wires cf the branchings:
E.

Io.
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FSS- 87,. -9- 34,5 As' (npNhmaeu npoOA A35);

1.08 (
Fr= 87,5 -S. = 48.3 aus (nprnemCNm nposoA A50);

0.82
Fr = -87.5. -= 41.5 x. (npu.,umaeu npoubo ASO).

Key: (1) is taken wire.

we find values of active ana inductive reactances from Tabl. 5-1

and 5-2 and more prscisely jczmulate the values cf the losses of

voltage of up to the pcints V, G and D of line on (5-8):

UAs s - 2,78 [(Q,46.1,97.+ 0,359. 1222) +

+ (0,92.0.765 + 0.38.0,477)- 6.20S,;
WAAsr - 6 .36 / aUA = 5.96 ,/,.

Verifying calculatica shows that all secticns accepted satisfy

the condition of problen.

K!
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Table 5-13.

Xapauiepuciuua cei EOlllKraUliRm

oNMla

Ka e.b o I u ................ 0.06
(0 Kae.lb 6--10 . ................... 0,08
!) H3o.1upomHIe npoeo~a ma po.max ... ....... 0.2
(4)43o.ompoeiobie npoeoaa Ha m3oj1ropZ... ....... 0.25
(7)Bo aywime .ixHI ;o I xe . . . .... .......... 0.3
06oyw.e aNi... 6-10 u ....... .... 0.4

- K'y: (1). Characteristic of nat. (i). Average/mean values of

inductive reactances, G/ks. (3). Cable tc 1 kV. (4). Cable 6-10 kV.

(5). Insulated wiras cn xcllers. (6). Insulated wires on insulators.

(7). Aerial lines to 1 kV. (8). Aerial lines 6-10 kV.

Page 145.

5-4. Calculation accordirg to lcss of voltage cf line of alternating

currant, performed by steel wires.

Tha determinaticn cf the icss of voltage in the line, wade Uy

steel wires, is conducted accciding to the fcrrulas: the three-phase

line

the single-phase line

&U-2rcos 9+ (x'+z" sin 11. (5-12)

where r - effective resistance cf steel wire, determined in depending

>1

I.
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on the current of lire crTables 5-3, 0/km; x' - external inductivq

reactance of line, deteruined in depending cn the separation cn

Tables 5-5, O/km; x" - irterndl inductive reactance of steel wire,

determined in depending ca the current of line on-ables 5-3, Q/ka;

cos • - coefficient of cwer lodding of the line; I - lcad cf line,

A; 1- length of line, cm.

During the determinaicn ct section the lines from the lcss of

vcltagp are assigned by tne secticn of steel wire and is checked the

section accepted to the lcss ci voltage cn (5-11) or (5-12).

Example 5-3. Air thzee-ihase line to the vcltage 6 kV with a

length of 2.5 km is made by steel wires. Load cf line I=15 a with the

factor of power cos 0=0.8. 86diuu separation cf line 1000 mm.

Permissible loss of voltage AU=E.5c/o. Tc determine the section of

wirps.

solution. We check the possibility cf the execution of line by

steel wires of model PSC-5.

From Table 5-3 we find tcr the current of line 15 and th. value

cf the active and interral inductive of tho resistors/resistances cf

the wire cf modal PS0-5:6:
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r=13.6 a/,ka; x" =11.4 0/ku,

while from Tabl3 5-5 - a value ct external inductive reactance with

D= 1 000 mm:

x'=0.37! rk/km.

According to the cozditicns ct the problem

I s 15 a; 1-25 x cos9-0.8; sin (P-0,6.

On (5-11) we determIna tze icss of voltage in the line with the

fulfillmpnt by its wires cz- model ESO-5:

AU Vr' 113.6.0.8 + (0.375 + 11.4).0.61.15.2.5 -

=1 160 V, or 1 16C/ OCOG1CU=19.4o/c, which is inadmissible.

We check analogcusll the icssibility of the execution of line by

the steel stranded wir.s or mcdel ES-25. For these wires the loss cf

voltage in the line ccuiises:

U - VT 15.97.0.8 -t(o.368 + 1 .33)0.61.15.2.,5
m37S -- ~378.100373V or -"------6ee - .3 W/,

which satisfies the corditicu presented.

Page 146.

A,
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5-5. Calculation of net with the aid of auxiliary tables of specific

* lossas of voltige.

Table 5-14-5-28 gives the bsecific losses cf voltage for the

electric wir. nqs, the ar and catli lines and the conductors in the

dependence on the value cf Lcwez factor. Fcr the wires and the cables

from the nonferrcus metal thesa Icsses are expressed in the

pcrcantages to I kWim, sh-km or fWokm in deperdirg cn the voltage cf

lina.

For the lines, made by steel wires, the specifi.. losses cf

voltage are shown in tke vc.ts ca I km of lire.

Thq loss of voltage in the line with the assigned section of

wires and cables from the nontarrcus metals is determined frcm the

formula

&u-1Uel,. (5-13)

where M. - sum of the. pzcaucts ci resistive loads on the lengths of

th. sections of line (kkom, kieki, MW-km); A,#- tabular value of the

specific magnitude of lcsses cZ vcitage in ihe percentages on I kW-m,

kWokm or m!Wokm.

The detg.rminaticn ct the secticn of wires frcm the assigned

magnituclp cf losses cf vcmtage is conducted as follows. Is determined
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computed valueAU,, acccLolng to tne formula

AU

and )n the appropriate taale is selected the section of wire with the

nearsst smaller value cz the spacific loss cf vcltage.

Thq lcss of voltage in tb* line for the steel wires is

determineI from the fcrsula

AU .AU,,I' (5-15)

where l, - length of line, Ka; AUs- tabular value of the specific

Icss Cf voltage, V/km.

Computed value cf the specific loss of vcltage during the

determination of the secticn c: wires frcm the assigned permissible

magnitude of losses cf vclrage is calculated frcm the formula

AU

The specific values oi the losses of voltage for the conductors

with th3 steel busbars ic the FercEntages cr 1 Aokm are given in

Table 5-27. For the intermediate values cf the current of line the

magnitude of losses of voltage is determined ky interpolation

according to the formula I - I'
4U,. - aUV'., (a (U?.. AU "T ) 7, --1,I?

wh.r . SU'., - tabular value ct rbe loss of vcltage for minimum current

I@, o/o/Aekm; &U-, - the same zcr saxinuu current I", o/o/Asku; &Ue

lcis of voltage for tae inaaQzedate current I, o/o//ek.
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Example 5-4. To prcduca the calculation cf line according tc

examples 5-1-5-3 with the aid of tne tables cf the specific lcsses cf

voltage.

Soluticn. 1. Frcm example 5-1 great value Me-9.44 kWokz.

Permissible lcss of voltage 4U=4o/o.

We find computed value ci tle specific lcss of voltage through

(5-14):

4
AU,. 9 - O 425pf' in"

FromTable 5-17 fc. aeriai line 380/220 1 with cos 0=1 we find

the section of aluminum wire 7G mmZ for which AU,,-0.319o/c/kWoki.

we determine the Icss cf vcltage in the vain line AB on (5-13):

AUAS-i0,319.8- M2,73 A.

Computed values of the specific loss of vcltage for the

branching BV
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AUT 'IC 4- 27 .447/k J;

for the branching BG

4-2.73

In both cases on Tatles 5-17 we accept wire section 16 mm2 .

2. From example 5-2 Me-3.05 Mis9m; 4U=6.5c/o. On (5-14) we obtain:

AUTO < 2=.13 fS/M ,ka.

OnEables 5-22 for the aluaznum wire with cos 0=0.85 we find

secticn 70 MM2 fcr which jU,;,.9 0/. /MUkm.

Loss of voltage in tze saiz line on (5-12)

AA = 1.- 1.97 - 3,75 .

The loss of voltagE, L aezizted for the submains at point B, is

equal to:

AU.s- ,S- 3.75- 2,75 14.

Computed values of the siecific losses of the vcltage: for the

tranching BV

I w ~~~2.75 i (wr*3)

Aj~36/V/W@M(iGA5
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for the branching BG

-- -2,50 Wez (wire A5C);

for the branching BD

2,75
AU 1 :- -5-=3.04'./MWesu (wire A5G).

Page= 148.

3. Permissible loss or vCltage according tc condition of example

AU=6.5-6 0CO/1C=39C i.

The length of line is L.2. 5 kz.

Computqd value of tba specitic loss of vcltage3 on (5-16)

39D

onTablas 5-20B fcr the cuzrent of line I=15 a we select the

section of the wir cf mcaai ES-5 for which %u,=15I V/ka.
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Exampls 5-5. From the transiormsr pcint cf industrial enterprise

obtains feid a main-lin= ccnductor ABV of the type ShMA 59-1, to

which ari connacted distriautive conductcrs EG, VD and VE cf the type

ShRA 60-6 (Fig. 5-3). IkE lEnqtks cf the secticns of conductors and

load of distributive conductozs ard shown in Fig. 5-3. Loads are

* istributed irregularly along the conductors. NCminal line vcltage

380 V, coefficients cf jcwer Icadzig cos 0=0.7.

To determine the lcss cf voltage in the conductors of up to the

outermost points G, V, 1.

Solution. We determine tne acaents/torgues of resistive loads in

the individual secticns cf ccnauczcr.

Main-line ccnductcr: secticn AB 610*0.14=85.5 kw.km; section BV

36Ce0.03=10.8 kW'km.

Distributive conductors: secticn BG 250e0.065=16.2 kW-km;

secticn VE 200.0.05=10 kkhxm; section VD 16CoC.04=6.4 kW-km.

(During the dqtereiratacn cf jcmentE/tctgues in the distributive

ccndictor the evenly distritutec icad we ccasider ccncentrated in the

middl. f conductcr)



o
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_9_ 0 46, 111O04

Fig. 5-3. Schematic cf ccnducrors for example 5-5.

Key: (1) KV4.

Page 149.

From Table 5-28 fcr cos O=C.7 we determine the values of the

specific losses cf the vcItage: tor the main-line ccnductor cf the

typp ShriA 59-1 A -o,0 s%/kkek. and for the distributive ccnductor

of the type ShRA 60-6 AU,.-0,133% /xW-km.

Using (5-13), we detarmine the loss cf vcltage cf up to the

end/leal G of distributivd ccnductcr EG:

UAr - 0.0308-855 .+0133-16.2 -4.8 /',

we analogously determine t e losses of vcltaga of up to the

points D and E:

A -, 3,8 W/, % 4.3 -
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Table 5-14. Loss of voltage in the tvo-wire circuit of direct current

cr twc-wir c  circuit of alternating currint with cos 0=1.

'- I ..- 1 I
= 0 12? 110 48 36 24 112
I %/.w.,ra (q) ___ %l~..a ('5-)

MeAb 1 77.7 233,0 311.0 1.63 2.90 6,52 26.1
1, 51.7 155,0 2r6.0 1,08 1.93 4,32 17.3
2.5 31.1 93.3 125.0 0,653 1.16 2,61 10.4
4 19.2 57.9 76.8 0,403 0.717 1.61 6.44
6 12,7 38,1 50,6 0.265 0,472 1.06 4.24
10 7.61 22,8 30,4 0,160 0.284 0.640 2.56
16 4,96 14.9 19.8 0,104 0.185 0,416 1.66
25 3.06 9,18 12.2 0.0642 0,114 0.2257 1.03
36 2,23 6.69 8.93 0.0468 0,0833 0.,187 0.749
50 1.61 4.83 6.45 0.0338 0.0602 0,135 0.541
70 1.16 3.48 4.63 0.0243 0,0432 0.0972 0.399

(7) 95 0,827 248 3,31 0.0173 0,0309 0.0692 0.277

Aim- 25 52.8 158.0 213.0 1.11 1,97 4.44 17.8
=mii 4N 33.1 99.3 132.0 0,693 1.23 2.77 11.1

6 22.0 66,0 88.0 0,462 0.823 1,86 7.44
10 13.2 39.6 52.8 0.277 0,494 1.11 4.43
16 8,18 24.5 32.7 0,172 0.306 0.688 2.75
25 5.29 15,9 21.2 0.111 0,199 0.444 1.78
35 3,80 11.4 15.2 0.0798 0.142 0.319 1.28
50 2.64 7.92 10.6 0.0555 0,0087 0.222 0.888
70 1.90 5.70 7.60 0,0400 0.0710 0,160 0,640
96 1.45 4.35 5.62 0.0236 0.0116 0.0944 0.378

120 1,15 3,46 4.46 - - - -

Key: (1). Aaterial of wize cr caLle cori. (2). Ncainal secticn, Ms2 .

(3). With nominal voltage, in. 14) O/o/kWokm. (5) 0/O/kWem. (6).

Copper. (7). Aluminum.

I

1
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Paqes 150-164.

Table 5-15. Loss of voltaje in three-phase 1ir, 380 V) performed by

insulatl-d wirqs on the icllrs and the insulatcrs, O/o/kW-ka.
(,) t9Jn fo e )) lp n aO pt.pIIIaIextH MOIuI OCTI

Maiepoaa I - - . - - - ____

m.. i ll-' 0.1 0 1 0.0 1 0.- 1 .8 0.0 0.92 10 4 .0 . 1 0.98 ( 1.00

1eAb 1 13.2 13.2 13.2 13.1 13. 13.1 13.1 13.1 13,1 13,1 13.0
1.5 8,85 8.83 8.81 8.80 8.77 8.76 8.75 8.74 8,73 8,72 8.65
2.5 5.39 5.37 5.35 5,33 5.32 5,31 5.31 5.30 5.28 5.27 5.21
4 3.39 3.37 3.36 3.34 3.33 3,32 3.31 3.30 3.29 3.28 3.22
6 2,29 2.27 2,25 2,23 2.22 2.21 2.21 2,20 2.19 2,18 2,12
10 1,43 1.41 1.40 1,38 1.37 1.37 1.36 1,35 1.34 1.33 1.28
16 0,993 0.965 0,958 0.941 0.931 0,924 0.916 0,908 0,899 0.887 0.83
25 0,664 0,647 0,631 0.616 0,606 0,600 0,593 0.585 0.577 0,566 0,512
35 0,527 0.510 0.494 0.478 0.469 0,462 0,455 0,448 0.439 0,428 0.374
50 0,415 0,403 0,388 0,373 0,364 0,358 0.351 0,344 0,336 0,326 0,270',.
70 0,365 0,346 0,328 0.310 0.299 0.292 0,284 0.275 0,266 0,254 0,196
95 0,301 0.283 0.265 0.249 0.238 0,231 0.223 0,215 0,206 0,194 0,138
120 0,267 0.249 0.233 0.216 0.207 0.199 0.192 0.184 0.175 0.164 0.109

A.loxu- 2.5 9.03 9.02 9.00 8.9P 8,97 8,96 8.95 8.95 8,93 8,92 8,85
B 4 5,71 5.69 5,67 5.65 5,64 5,63 5.62 5.61 5,60 5,59 5.54

6 3.86 3.84 3.82 .3.80 3.79 3,78 3.78 3,77 3,76 3,75 3,69
10 2,37 2,35 2.34 2.32 2.31 2,31 2.30 2,29 2,28 2,27 2,22
16 1.53 1.51 1,50 1.48 1.47 1,46 1.46 1,45 1,44 1.43 1,37
25 1.04 1.02 1.01 0,990 0,980 0,974 0.967 0.959 0,951 0.940 0.886
35 0,790 0.773 0,757 0,741 0,732 0,725 0,718 0,711 0,702 0,691 0,637
50 0,588 0.573 0.558 0.543 0,534 .0.528 0,521 0,514 0.506 0.496 0.443
70 0,488 0,469 0.451 0.433 0.422 0,415 0,407 0,398 0,389 0.377 0.319
95 0,398 0.380 0.362 0,346 0,335 0,328 0,320 0,312 0,303 0.291 0.235
120 0,345 0,317 0.301 0.294 0,285 0,277 0,270 0,262 0,253 0.242 0,187
150 0,298 0.281 0.265 0,249 0.240 0,233 0,226 0.219 0,210 0.199 0,145

K.y: (1). Material of wire. (i) Section of wire, mm2. (3). With

;cw:r factor. (4). Ccpper. (5). Aluminum.

r -
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Table 5-16. Loss of voltage in three-phase cable line 380 V,

O/0 /kIikm.

(1) Ho .b (3/ nPE RSN FAMUm,.S .MMoCTS

m!3.1a 1. 00 13.0 3.0 3.0
13.0 0.0 0.96 .00

13.5 8.? 8.7 8.70 8.69 8.6, ,867 8.65

2.6 5.28 5.27 5.26 5.25 5.24 5.23 5.21

4 3.29 3.28 3.27 3,26 3.25 3.24 3.22

6 2.18 2.17 2.26 2.16 2.15 2.14 2.12

20 1.33 1.32 1.32 1.31 1.30 .30 1.26
16 0.870 0.872 0.9% 0adw 0.M O848 0.831

23 0.550 0.552 0.546 0.540 0.534 0. 527 0.512

36 0.419 0.43 0.407 0.401 0.395 O.3..U9 P .374

50 0.314 0.308 0.302 0.297 0.2. 0.24 0.'P70
70 0,240 0.233 0,21 0.2=2 U.216 0.210 0. 2,d

95 0.181 0.25 070 0.164 0.158 0.152 0.138

120 0.152 0.146 0 140 0.35 0. 129 0.123 0.209

150 0. 127 0. In 0:116 0.12 0. 105 0.099 o.0 5

Id5 0.113 0.108 0.102 0.097 0.091 0.0M.'. 0,071

240 0. 2J1 0.1 0.05 0.079 0.,074 0.067 0.054

AMMUA 2..5 8.92 ..91 8.89 6.8 8.

4 5.61 5.60 559 5.51 5.57 5.56 S.54
6 3.75 3.74 3.73 3.73 3.72 3.71 3.64

i0 2.27 2.26 2.,qi 2.5 2.24 2. 24 2.'2
6 1.42 1,42 1.41 1.40 1.39 1.39 1.37

25 0.653 0.O!,P- .0 0.914 O.I.18 0.901 0.145
35 0,62 0,670 0.4,70 0.6614 0.8 5i 0.F52 0.2..i

i0 0.487 0.481 0.475 0.470 0.444 0.457 0,423

70 o.363 0.3%'; 0.351 0.345 0.339 0.333 0.31 1

9S 0.2? 0. 272 0. 22 0.24,I 0. 255 0 249 0.235
220 0,230 0,.!24 0.218 213 0.207 '1.-01 0.1287

50 0. 187 0.182 0.176 0.171 0.165 0.159 0,f45

Is% 0, I0M12 0149 0, 143 0138 0. 1:12 0.18
240 0.133 .18 0.122 0.117 0 " 11 0.204 0.092

Key: (1). Material of vein/strand. (2). Nominal section, mre . (3).

With power factor. (4). CcF -er. (5). Aluminum.
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Table 5-17. Loss of voltage in three-phase aerial line 380 V,

0/0 /k -km.

() HomIs- ('5) flpa saoutawime mao

SPOaoJU ce.101Ine. .MI0.9r_ 0.94 0.96 0.96 -0T p* I .IIA 0.7oe 0.5 08 .5 - 1 09

hleak 4 3.51 3,47 3.43 3.40 3.37 3,36 3.34 3.33 3.30 3.28 3.22

6 2.40 2.36 2.33 2.29 2.27 2.25 2.24 2.22 2.20 2.18 2.12

10 1.55 1.51 1.48 1.44 1.42 1.41 1.39 1.38 1.36 1.33 1.28

16 1.08 1,05 1.02 0.985 0.965 0.951 0.937 0.921 0.904 0,893 0.831

25 0.756 0,723 0.692 0.660 0.641 0,628 0.614 0.599 0,582 0,572 0.512

35 0.610 0.578 0,547 0.517 0.498 0,486 0.472 0.458 0,441 0.432 0.374

50 0,498 0,467 0.438 0.409 0.390 0.378 0,365 0,351 0.335 0,326 0,270

70 0,414 0.384 0,356 0.328 0.310 0,298 0,286 0,272 0.257 0.248 0.196

A.oam- 16 1.62 1,59 1.55 1.52 1.50 1.49 1,47 1.46 1.44 1.42 1.37
out 25 1,13 1.10 1.07 1.03 1.02 1.00 0,988 0,973 0.956 0.935 0.886

35 0.873 0.841 0,811 0.781 0.762 0.749 0.736 0,721 0,705 0,684 0.637

50 0,671 0,641 0.611 0,582 0.564 0.552 0,539 0.524 0.509 0.489 0.443

70 0.539 0.509 0.481 0.453 0.435 0,423 0.4L1 0,397 0.382 0.362 0.319

95 0.450 0,421 0,393 0,366 0.349 0.337 0,325 0,312. 0,297 0.278 0.235

120 0.395 0.367 0.340 0.314 0.297 0,286 0,274 0,261 0,247 0.228 0.187

Key: (1). Material of vire. (i). Mcminal section, .M2. (3). With

pownr factor. (4). Ccppez. 15). Aluminum.

'
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Table 5-18. Loss of voltage in tbree-phase catle line 660 V,

O/0/kWk 3.

Ml~lhpu Hou.aua.. (3
a"g ceq*. - ruse. 0 0.70 0.75 0.80 0.85 0.90 0.16 1.00

MiAb (q) 1 4,33 4.33 4.33 4.33 4.33 4.33 4.33
:S. 2,91 2.90 2.90 2.90 2.89 2.89 2.118

2.5 1.76 .. 76 2.75 1.75 3.75 .74 1.74
4 1.10- .10 1 .09 1.09 . 1.06 1.07
6 0.73 0.72 0.72 0.72 0.72 0.71 0.71

10 0.444 0.440 0.440 0.437 0.433 0.431 0.428
16 0.293 0.291 0.29 0.287 .284 0.282 a. 20
25 0.186 0.I44 1" 0,I 0. 0.181 0.276 0.171
35 0.140 0.138 0. 0.134 0,132 0.130 0.115

,0 0.105 0.103 .101 0.099 0.097 095 0.00"
70 0.080 0.070 0.08 0.074 0.072 0.070 0.065
95 0.0 0.038 0.058 0,054 0.052 0.050 0.04%

120 0.081 0.049 0.047 0.045 0.043 0.041 0.036
250 0.042 0.041 0.039 0.037 0.038 0.033 0.0? 8
Ns 0.08 0.036 0.034 f.032 0.030 0.024 0.624
240 0.033 0.030 0.028 0.026 0.024 0.012 0.018

Anauau 2.5 2.7 2.97 2.97 2.98 2.96 2.9 2.95
4 67 1.87 2.87 s.88 2.8 2.8 3.8

(5) 1.25 .25 2.24 1.24 I.24 1.24 23
t0 0.76 0.75 0.75 0.75 0.75 0.75 0.74
16 0.47 0.47 0.47 0.47 0.48 0.4 0.46;
26 0.311 0.300 0,307 0.305 0.303 0.300 0. 2'5
35 0.2 0.225 0.*5 0.221 0.219 0.217 0.22
so 0.162 0.18 0.158 0.157 0. 155 0.152 0.148
70 0.121 0.119 0.117 0.22S 0.113 0.111 0.,"1
96 0.09)2 0.001 0,080 0.0a7 0.085 0.0.3 0.078
220 O.Ow 0.075 0.073 0.071 0.069 0.087 0, LVU
ISO g0

62  0.061 0,059 0.057 0.055 0.05.1 0.048
80 0.051 0,040 0.048 0.046 0.044 0.0.

so 0.044 0.043 0.041 0.039 0.037 0.035 0. 63N

Key: (1). Material of vein/strand. (2). Nominal section, am2. (3).

With power factor. (4). Ccj er. (5). Aluminum.

I

A
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Table 5-19. Loss of voltage in tbree-phase aezial line 660 V,

O/0/k okm.

'k ) (3) flpu maoo~lMmtwT wamem-m
MawlIA Maabuoe

"S 0.70 10.73 1 0, 0.85 1 0. 9 ooIo .9 0.91 0.96 0.9 1.00

Mezb 4 1.17 1.16 1.14 1.13 1.12 1.12 1.11 1.11 1.10 1.09 1.07
6 0.80 0.79 0,78 0,77 0.76 0.75 0.75 0.74 0.73 0.73 0.71
10 0.52 0.50 0.49 0,48 0.47 0.47 0,46 0.46 0.45 0,44 0,42

16 0.360 0,350 0.340 0.328 0.322 0,327 0.312 0,307 0.301 0.298 0.277
25 0.252 0,241 0.231 0.200 0.214 0.209 0.205 0.200 0.194 0.191 0.171
35 0,207 0,192 0,182 0.172 0,166 0,165 0.157 0,153 0,147 0.144 0.125%
50 0.166 0.157 0.146 0.136 0,130 0.129 0,122 0,117 0,112 0.109 0.090
70 0.138 0.12a 0.119 0.109 0.103 0,099 0.095 0,091 U. 0.083 0.065

AAJMN- 16 0.54 0.53 0.52 0.51 0.50 0.50 0.49 0.49 0.49 0.48 0.46
25 0,377 0.370 0,357 0.343 0.340 0.M3 0.329 0,324 0.319 0,312 0.295

35 0,291 0,280 0.270 0.260 0,254 0,250 0.245 0.240 0.235 0.228 0.212
50 0.227 0.217 0.204 0.194 0.188 0.184 0,180 0.175 0.170 0.163 0.148
70 0,180 0.170 0.160 0.151 0.145 0.141 0,137 0.132 0,127 0.121 0.106
95 0.150 0,140. 0.131 0.122 0.116 0.112 0.108 0.104 0.099 0.092 0.078

120 0.132 0.122 0.113 0.105 0.099 0.095 0.001 0.067 0.082 0.076 0,062

Key: (1). Material of wire. (). Ncminal section, am2 . (3). Mith

power factor. (4). CcpFez. t5). Aluminum.

II
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Table 5-20A. Loss of voltage in three-phase aerial line, made by

steel wires, V/km.

•(2 rip. uojibuu,.mio Mua

,).I= 0." I. 0.73

rA>$.s M o.4 flCc, o. nc-25 flC.3 tiC4O) flcO-3,5 rico,4 I fl- C2s r"cc.35 nccio
()K-3.5) ()K-4) (A-5) MC.25 nMC-35 n-.so (K.3. OK4) (K-S) imc.,5 1 nMC.35 nMc.5o

0.5 9.9 7,6 - - - - 30.5 811 - - - -
1 21.7 16.7 - 7.,48 5.5 4.04 22,. 17,6 - 7,92 5.57 4.2
1.5 37.0 28.4 18.7 11.2 7,73 6.06 38.6 29.5 19.7 13.8 8.55 6.43
.2 56.0 42,0 30.0 15,0 10.4 8.10 57,5 33,4 30,8 35.9 11,4 8.59
3. 101 79.5 60.6 22.7 16,0 12.2 102 80.7 60.4 23,9 36.9 12.9
'4 151 39 94,5 30.4 21.4 36.2 153 323 95.2 32.4 22.6 17.2
5 212 3 137 38,4 27.1 20,4 233 169 338 40.4 28.5 21,6
6 280 216 186 46,6 32.7 24.5 282 237 197 49,0 34.6 25.9
S 329 236 54.8 38.5 28.6 330 267 242 57.5 40.6 30.3

330 319 285 63.5 44.5 32.8 379 323 283 66,8 47.0 34,8
9 430 360 336 72.8 50.7 37.2 432 364 310 7,7 53.4 39.4
10 482 400 335 82.7 57.2 41,5 485 403 337 86.6 60.2 44,0
15 714 56 467 140 93.5 63.8 738 573 469 146 98.3 67,3
20 - - 576 212 343 87.8 - - 580 223 347 92.6
2 - - - 282 198 15 - - - 292 208 121
30 - - - 346 260 147 - - - 360 271 155
36 - - - 406 314 182 - - - 422 326 192
40 - - - 465 360 223 - - - 479 373 232
46 - - 513 404 261 - - - 533 418 273
50 - 565 446 301 - - - 586 462 315
60 -- 665 525 374 - - - 686 544 390
70 - 757 596 444 - - - 784 618 462

Key: (1). Currqnt of line, a. W). ith Fovsr factor.

I.
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Table 5-20B. Loss of vcltage in tntee-phase aerial line, made by

steel wires, V/km.

*. (3.,) flp, Umo"Nmee Mou4omm

SU 0.8 o.a

nCO-3.5 riCO-4 nco.. nlc.!s nc. I nc..o rico-I.s "co.4 iTCO.s 1c-.2s C-35 nlc.o
iK-3.5) (K-4) 0( 5) AC-25 fmC-35 fl.-C.504(351 (K.41 (4(-S) (3 (KC-25 'IMC-35 nfmC-50

0.5 11.0 8..3 5.78 11.6 8.95 , .
5 23,9 18.4 5 .4 24.8 19.1 0 .
1.5 40.0 30,6 20.3 12.3 8.68 6.61 41.0 31.5 20,8 12.9 8.98 6.83
2 58.8 44.6 31.3 16.5 11.6 8.84 59.8 45.5 31.8 17.2 12.1 9.19
3 103 81,6 60.8 24,9 17.5 1342 104 81.7 60,4 25,8 18,1 13.7
4 154 121 95.2 33.4 23,5 17.7 154 121 94.4 34.7 24.3 18.4
5 214 169 138 42.1 29,5 22.1 214 168 137 43.7 30,6 22.9
6 282 217 187 5! 35,6 26.6 279 216 184 52.9 36.9 27
7 331 267 237 60 42 31.1 329 265 236 62.1 43.5 32.3
8 383 321 285 69.5 48,5 35.8 380 3 281. 71.8 50.1 36.9
9 435 363 316 80,4 55,! 40.5 430 360 31! 81,9 56,8 4108
10 486 404 335 89.7 62 45.2 482 400 331 92.6 64 46.6
15 712 574 467 151 to[ 69 683 554 449 155 102 70,4
20 - - 579 227 151 94,8 - . 571 233 154 97.5
23 - - .- 311 213 124 -- 308 217 127
30 - .- - 369 275 158 - - - 378 282 162
35 - - - 432 332 194 - - - 443 340 200
40 - - - 492 381 236 - - - 503 389 242
45 - - - 544 426 278 - - - 557 435 284
so - - 602 472 320 - - - 615 480 326
60 - - - 705 555 396 - - - 721 564 404
70 - - 805 630 469 - 825 642 479

Kay: (1). Current of line, A. ( . With rower factor.

,-.j. I ii~
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Table 5-20C. Loss of vcitage In taree-phase aerial line, made by

steel wires, V/ku.

* (2; flpa hom$6"Vazem. HMHOAiam

q I I
* rco-O.s r 4co. M0.os nc.-! r.C-35 c.60 nco-3.S lco.4 nCO-S rlC.25 flC33 flc.O

(*-3,$i 1 K-4) OK-Si nmC-2$ rn1.C-35 I tzC-5 (4C4.5) (K-4) OK-) flMC-25 flMC-35 nC-SO

0.5 12,.1 9.39 - - - - 12.6 9.75 - - - -

S 25.7 19.8 - 8.89 6.23 4.73 26.4 20.5 - 9.14 6.40 4.85
1.5 42.1 32.4 20.4 13.3 9.33 7,08 42.6 33,0 21,5 13.6 9.59 7.26
2 60.5 46.2 32.0 17.8 12,4 9.46 60.5 46.4 31.9 18,4 12.8 9.71
3 104 81.5 599 26.9 18,8 13,5 102 79,4 57,8 27,5 19,0 14.5
4 152 120 92.9 35,9 25.2 19.0 148 116 89.3 36.9 25,7 19.4
5 212 166 134 45.3 31,6 23.7 210 159 129 46.6 32.4 24.2
6 276 212 182 54.7 38.2 28,5 265 204 174 56.1 39,1 29.1
7 323' 261 230 64.1 44.9 33,2 312 250 220 66,0 46.0 34.0
8 374 313 275 74,4 51.8 38.2 361 301 2162 76.2 53.2 39.2
9 422 353 304 84.5 58,5 43.1 408 340 1291 86.9 60.2 44.1
10 474 393 325 95.6 66.1 48,1 455 377 308 97.7 67.5 49.3
15 685 560 451 159 106 73.3 650 539 431 6 1og 74.8
20 - - 560 239 158 too - - 537 243 160 102

25 - - - 315 223 131 - - - 318 224 132
30 - - - 386 287 166 - - - 389 288 167
35 - - - -467 345 M05 - - - 455 346 206

40 - - - 5!? 396 246 - - - 515 396 248
45 - 569 442 289 - 572 443 290
60 - - - 729 573 410 - - - 741 574 413
70 - - - 839 650 485 - - - 847 652 487

K y: (1). Currant, lines, A. 1'). with ccefficient cf power.

F.',
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Table 5-21. Loss of voltage in tbire-phase aezial line, made by steel

wir-s, V/kin, with cos 0=1.

(I)
" CO-3.5 fCO4 nco-s lc25 rlc.,, fc.5o

Ta-u IMIHI oK-J( (WS) nMC-2 IMC-35 nlMC-5o

0,5 17,3 10.0 - - -
1 26.3 20.4 - 10 6.39 4,76
1,5 40,8 32.0 20,6 13.7 9,52 7.17
2 55,8 43.3 28.9 18,2 12,7 9.51
3 90,5 69.5 49.3 27.4 19,0 14.3
4 128 99 74.8 36.7 25.6 19,1
5 174 134 106 46.0 32.0 23.8
6 222 172 144 54.5 38,5 28,5

7 260 210 182 65.0 45,2 33.3
8 300 249 213 74,7 52,0 38.2
9 340 282 236 84,7 58,6 43,0
10 380 313 252 95,2 65.8 48,1
I5 526 450 353 155 104 72.6
20 - - 440 232 152 98.5
25 - - 302 212 127
30 - - - 368 270 161
35 - - 430 325 197
40 - - - 486 370 235
45 - - 539 413 274
50 - 592 454 312
60 - - 696 533 383
70 -- - 798 605 451

Kay: (1). Currqnt of line, A.

A{
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Table 5-22. Loss of voltage in tare-phase aemial line 6 KV,

0/0/ V.ku.

(i) -" I (.)r9  1.eT
em 0.7 0.75 0.8M 0.8 0,1 0.90 0.92 0.94 0.91 0,98 1.00

MeAt 10 6.33 6.17 6.00 5.83 5.75 5.70 5.61 5.56 5.45 5,36 5.11
16 4.48 4.34 4.18 4.03 3.94 3.88 3.81 3.74 3.66 3.56 3.33

25 3,17 3.02 2,87 2.73 2.64 2.58 2.52 2.45 2.37 2.28 2.06
35 2.58 2.43 2.29 2.16 2.07 2.01 1.95 1,88 1.81 1.71 1,50

50 2.21 2.06 1.91 1.77 1,68 1.62 1,55 1.48 1,41 1.31 1.08
70 1.88 1.73 1.59 1.45 1,36 1.30 1.2-4 1.17 1.09 1'00 1,778

An.,.. 25 4.67 4.52 4.38 4.24 4.15 4.09 4.02 3,95 3.88 3.78 3.56
35 3.64 3.49 3.35 3.21 3,13 3,07 3.01 2.94 2.87 2.77 2.56

s0 2.83 2.68 2.55 2,42 2.34 2.28 2.22 2.15 2.08 1.99 1.78
70 2.30 2.16 2.03 1.90 1.82 1.76 1.71 1,64 1.57 1,48 1.28

95 2.02 1.87? .73 1.60 1.51 1.45 1.39 1.33 1,25 1,16 0,947
120 1.80 1.66 1.52 1.39 1.31 1.25 1.19 1.12 1,05 0.96 0.75

Key: (1). Material of wire. (2). Ncinal section, am2. (3). With

Fowr- factor. (4). Ccp~er. 15j. Aluminum.

:1
*1
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Table 5-23. Loss of voltage in tnree-phase aerial line 10 kV,

/0/,M k-km.

AOQP, a ada.

"A's 0. 0.75 j O.R 0.85 '1 0. 0,90 0.92 0.94 0.96 0.98 1.00

(4)
Meh 10 2.28 2.22 2.16 2.10 2,07 2.05 2.02 2.00 .1,96 1,93 1,84

16 1.61 1.56 1.50 1.05 1,41 1,39 1,37 1.35 1,32 1.28 1,2

25 1.14 1.09 1.03 0.984 0,952 0.93 0.907 0,883 0,855 0.82 0.74

35 0.929 0.876 0.826 0.776 0.745 0.724 0.702 0.678 0,651 0.617 0.54
so 0.796 0.741 0.688 0.637 0.605 0,583 0.56 0,534 0,506 0.471 0.39,.

70 0.676 0.622 0.571 0,521 0,489 0.468 0.445 0,421 0.393 0.359 0.28

Amou. 25 1.68 1,63 1.57 1,52 1.49 1.47 1.45 1.42 1,39 1.36 1.28
35 1.31 1,26 1,21 1,16 1.12 1.10 1.08 1.06 1,03 0.997 0.92
50 1"02 0.966 0,917 0.869 0,839 0.819 0.798 0.774 0,748 0.715 0,64

70 0,827 0.778 0,730 0.683 0.654 0,634 0.613 0,591 0*565 0.533 0.46
95 0.725 0,673 0,623 0.574 0,543 0,522 0,501 0,477 0,450 0,417 0.34

120 0.647 0.596 0,547 0,499 0.470 0.449 0.428 0.404 0.378 0.345 0,27

Key: (1). Material of wite. (2). Ncminal secticn, m.z. (3). With

pow~r factor. (4). Ccpper. (5). Aluminum.

-I
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Table 5-24. Loss of voltagq in the three-phase cable line 6 kv,
0/0 /M H- kin.

Zt'Ms ceqetku. . 14 0 9 0
u.n8  0.70 0.73 0.80 0.85 0.1 8 .9O 0.: 0.94 0.96 0.90 1.0

meAb 10 5,39 5,35 5.31 5.78 5.26 5,24 5.2 5.21 5,19 5.16 5.50
16 3.64 3.59 ,51 3.53 3.50 3,48 3.47 3,46 3,42 3.39 3.33
25 2.32 2,29 2.25 2.22 2.20 2.18 2.17 2.15 2,14 2.11 2.06
35 1.75 1.72 1,6 1.65 1.64 1 1.82.7 59 .57 ,55 1.50
70 1.32 1.28 1.25 1.22 2.20 1.19 1.18 1,17 1.34 2.13 2.08
70 1.00 0.980 0,943 0 0.805 0,884 0.873 0,860 0.842 0,822 0.778
vs 0,767 0,740 0,711 0.683 0.667 0,656 0.645 0,631 04617 0.598 0.556

120 0.651 0,623 0,595 0.567 0,550 0,538 0,528 0,513 0,500 0,481' 0 4J8150 0,545 0:517 "0,492 0,467 0.450 0,438 0.428 0,413 0,400 0,384 0,34:2
185 0,481 0.456 0,430 0.406 0,389 0,378 0.365 0.356 0,342 0,325 02)6

240 0.428 0,400 0,372 0.345 0,328 0.317 0.306 0,292 0,278 0.258 0.217

An~a- 109.,8 9.1 9. 10' ,7 90 9,103 9.1 9.00 8,98 8.95 8.90
RB 16 581 57 5.72 57 567 5.65 5.4 5,61 5.58 5.56 5,50

25 38 .8 3.75 3.3 .0 3,69 3.6 ,366 3,64 3.61 3.56

.35:2.8. 2ater2a74 2o, .69t2. 68 2(2) oi 65 2,63 2.61 2.5650 20 .8 1.95 111 ,. 189 18 ,.86 1'85 1.,83 1,78
7 150 14 1,44 1.4 .9 138 1.3 1.36 1 ,34 I ,32 1.28
9, 1l1 |.1 ,010 1'5 104 .0 1,02- [ ,00 0 ,IJ86 0.947

12 0.6 ,3 0.906 0,7 I 0 089 ,082G O.Z31 1 0,79 0.7.50
)s 0.8 ,5 0.73 O 73 0.62 )68]0 7 0,656 0,642 0,626 058
18 067 0620,1 0..20576 0,564 0,5 ,U541 0.528 05 0.472
24 0.7 0.5 o.522 0.495 0,178 0.4G7 0.15 0,4 o.428 0.408 o..i,7

IZey: (1). Material of vein/strarnd. (2). Nominal section, MM2 .  (3).

ith power factor. (4). Ccj.per. 15). Aluminum.



DOC = 0040307 P A k 4,,-
3j0

Table 5-25. Loss of voltage in tne three-phase cable line 10 kV,

/ o/ wkm.

k ,) k 3 (-3, .p. mosoom,,...e .am.oc
Homo-

MTeaoaA vaAhsio 7
REAM ce'Iern~e. . jam$ 0.70 1 0.75 1 0,80 1 0.95 1 .u 0.0 0.92 1 0.94 0.96 1 0.98 1.00

MeAb 16 1.31 1.29 1.28 1.27 1.26 1,25 1.25 1.24 1.23 1.22 1 1,20

25 0,836 0.823 0,810 0,798 0,790 0.785 0,780 0,774 0,767 0,759 0,74
35 0,630 0,618 0,606 0,595 0,588 0,583 0,577 0,572 0.566 0.558 .0:54

50 0,474 0,462 0.451 0.441 0,434 0.430 0.425 0.420 0,414 0.407 0.39
70 0,361 0,353 0.339 0,329 0,322 0,318 0,314 0,309 0.303 0,296 0,28

95 0,276 0,266 0,256 0,2-16 0,240 0,236 0.232 0,227 0,222 0 215 0,20

120 0,234 0,224 0,214 0,204 0,198 0.194 1 0,190 j0,185 0.180 0. 173 U. 158
150 0,196 0,186 0,177 0.168 0,162 0,158 0,154 1 0,149 0,144 0,138 0,123
185 0,173 0,164 0,155 0,146 0,140 0,135 0,132 0,128 0,123 0.117 0.103
240 0,154 0,144 0,13 ,4 0 0.118 0,114 0,110 0,105 0,100 0.093 0,078

Amowu- 16 2,09 2.07 2,06 2.05 2.04 2,03 2.03 2.02 2,01 2.00 '1,98

Rat 25 1,38 1.36 1,35 1,34 1.33 1.32 1,32 1,31 1,31 1,30 1.28

35 1,01 0,998 0,986 0,975 0,968 0,963 0.957 0,952 0.946 0.938 0.92
50 0,724 0,712 0,701 0,691 0,684 0,680 0,675 0,670 0,664 0,657 0,64
70 0,541 0,533 0,519 0,509 0,502 0,498 0.494 0,489 0.483 0.476 0,46

95 0,416 0,406 0,396 0,386 0,380 0,376 0,372 0,367 0.362 0.355 0,34

120 0,346 0,336 0.326 0,316 0,310 0.306 0,302 0.297 0,292 0,285 0,27
10 0.283 0.273 0,264 0,255 0.249 0,245 0,241 0,236 0.23f 0,22-25 0.21
185 0,240 0.231 0, 222 0,213 0,207 0.203 0,199 0.195 0.190 0,184 0,17
240 0 . 208 0,198 0,188 0.178 0,172 0.168 0,164 0.159 0.154 0,147 0.132

Key: (1). Material of vein/strana. (2). Nominal section, mm 2
. (3).

ith power factor. (4) . Cop-er. (5). Aluzinum.

K;
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Table 5-26. Loss of voltage in three-phase ccrductor 380 V

performed by tha alumirua buscars cf rectangular crcss secticn,

O/ 0/k , km.

(I) lnp. £OS4IM,=T* MOULMOCT

0.3 '0.4 0.5 0.6 0.7 O.a 0.9 1.0

25X3 0,848 0.690 0,590 0,533 0,468 0,421 0,374 0.289
30)<4 0.716 0,567 0,474 0,417 0,355 0,310 0,266 0,186
40X4 0,6-10 0,501 0.414 0,362 0,304 0.262 0,221 0.146

4OX5 0,609 0.471 0,386 0.333 0,276 0.235 0,194 0.117
50X5 0,560 0.429 0.348 0.288 0.245 0.206 0,167 0,097

50)(6 0,541 0,413 0,332 0.283 0,229 0,190 0,152 0,082
60X6 0,508 0,384 0,308 0.262 0,210 0.174 0,137 0,0705
80X6 0,455 0,382 0,272 0,229 0,182 0.148 0,144 0.0535

10OX6 0,417 0.312 0,247 0,208 0,163 0,131 0,102 0.0439
6OX8 0.485 0,364 0.288 0,242 0,192 0.155 0,119 0,0535
80X8 0,437 0,325 0,256 0.212 0I 6 0,134 0,102 0,0412

100X8 0.404 0.300 0,235 0,196 0,152 0.121 0,090

120X8 0,373 0.275 0,215 0,178 0.138 0.109 0,0803 0,0284

80X10 0,430 0,318 0,249 0,207 0,161 0,127 0,0950 0,0343
100 x 10 0,392 0,290 0,226 0,187 0,144 0.113 0,0830 0,0276

12OXIO 0.367 0.270 0,209 0.173 0,117 0.104 0.0747 0,0229

Note. The values of the losses ct voltage are given with temFerature

of +300C and distance ttwetn cenrers cf bushars 250 mm.

Ky: (1). Sizes/,1im-znsicns cf tusars, mi. (2). With power factor.

i *
I.
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Tabl . 5-27. Loss of voltage ia taree-phase ccrductor 380 V, carried

cut by the steel busbars cf rectanyular cross secticn, O/o/A.ka.

O b') 1 3) np. ko mme,., momUorr-

P4juepm Tom .tmo.u.

0.6 0.", 0.7 0. 0.8 0.85 0.9 0.95
mi. .afI .

40X3 35 1.95 2.00 2,03 2.06 2.08 2.09 2.07 2,02
70 1.78 1.82 1.86 J.87 1.89 1.90 1.88 1.84

50X3 40 1.62 1,66 1,69 1,71 1.73 1.77 1,72 1.68
95 1.46 1.48 1.52 1,53 1.54 1.54 1,53 1.49

60X3 50 1.35 1.38 1.40 1.42 1,43 1,44 1,42 1.38
100 1.25 1.27 1.29 1.30 1.31 1.32 1,30 1.27

80X3 70 1.05 1.07 1,09 1.10 1,11 1.11 1.10 1.05
110 1.00 1,02 1.03 1.04 1.05 1.05 1,04 1.01

o80 0860 0,675 0.887 0.895 0.900 .885

130 0.800 0.815 0825 08 0.8W 0.0 0,812 0.790

40X4 40 1.76 1,80 1.84 1,86 1.88 1.89 1.87 1.83
65 1.69 1,74 1.75 1.78 1.79 1.79 1.78 1.74

50 X4 50 1.46 1.49 1.52 1,54 1.56 1.57 1.55 1.52
85 1.33 1.36 1.38 1.40 1.41 1.41 1.40 1.37

Key: (1). Sizes/dimensicrs cf kuszar, mm. (2). Current of line, A.

(3). With power factcr.
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Tabl -. 5-28. Loss of voltage in the conductors with the aluminum

busbars of series ShRA and ShMA with voltage 38C V, O/ 0 /k ,kN.

() no2) w luoge KOt4IimHre %siLt.ocTiTva

Npo4a 0.4 .1 0.45 0.5 0.5- i 0.6 1 0.6 1 0.7 0.75 0.8 0.85 0.9 0.96 1.0

WPA 6-2 0.432 0.394 0,362 0.335 I0. 313 0.291 0.272 0.256 0.2:39 0. 2M 0. 206 0.181 0.146
WPA 0-4 0.345 0,311 U,284 0,259 10. 238 0.220 0.20:3 0,.1dd 0. 173 0,160 0.115 0,121 (). wI
WPA60-6 0,230 0.-20, 0. i188 0,171 10,158 0.145 0. 13:3 0,124 0,113 0.103 0.092 0,081 0.056
WM59AS-I 0,0485 0.0143 0,0407 0,0378 0,0352 0.032 9 1i).t: 0.0289 0,0271 0,0253 0.0234 0,0212 0.0t67
WI MA .- 2 0.0428 0.0388 0,03,2 0.0322 0.0296 0.0274A 0.0253 0.0233 0.0215 0.0197 0.0178 0,0157 0,0111
LU.A59-4 0.0388 0.0346 0.0310 0.0280 0.0255 0.,0232 0.0211 0.0192 0.0173 0.0155 0.0 137 0.0115 0.0070

K .y: (1). Type of conductcr. (z). iith pcver factor.

*1
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5-6. Calculation of net according to the loss of voltage and the

condition for thi smallest exienditure of metal.

For thq main-line aultienued line at the ond/lead (Fig. 5-4) the

section of tha wirqs of main line according tc the condition for the

smaliest exoenditure cf euaal as aetermined frcm the formula

where a, - a coqfficiert in aLle 5-9:

Mae- sum of the products or resiszive leads cn the lengths of the

sections of the main lice;

L,- langth of the rair line;

INU8- permissible loss ct vcltags in the line with the resistive

loads;

A ______
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IfLtthq sum cf the prccucts ot vdIues M, for the length of

branching, calculated fcx all -zanchings.

Thp obtained on (5-18) saczicn of main line is rcunded cff

before thiz nearest (greazer or .aullar) standard saction of wire.

Thi determinaticn cf tae sections of wires fcr the branchings is

conductad accorling to the tcraulas § 5-2 and 5-3.

.1
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Fiq. 5-4. Schematic of main line wath the brarchings at the end/lead.

Fig. 5-5. Schematic cf main line, made from several secticns of

different sections.

* Page 167.

For trunk line, dividea alcny the length on several sections

(Fig. 5-5), section cf tka iirst secticn are determined from the

formula

M l (5-19

where a, - the coefficiert, detersined i-l'atle 5-9;

Mal- valueMa for the first secticn;

- length of the first secticr;

Ii
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au.- permissible loss cf voltaye tor the entire length with the

r..sistive loads.

Thq obtained on (5-19) section of the wires of the first secticn

is rounded off before the neaxest (greater cr smaller) standard

section.

The section of the wiras ct tn e seccnd section is determined

from th4 formula

F AU , e (5-20)

in which indices 1 and 2 noted the values, which relate respectively

to the first and seccnd secticrLE c line.

Tha sections of the aires ci the subsequent sections are

determined analogously.

The section of the bires cf i4tter/last section is rousdei off

toward larger nominal secticn.

In the cases of calculatin the lines taking into account the

inductance of wires values au,. au.,s. u, and sc fcrth in (5-18), (5-19)

; I and (5-20) are dqtermired cn (5-10).
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Example 5-6. To calcuj.ade Irca the loss cf voltage and the

condition for the smallest expendixurg of metal line from example

5-2.

Solution. Accordir tco tne data of example 5-2 we have:

AU-6.5%; AU.-4.4%; as-87,5 oAJ.- 1
/.Xe';

M, MA58= 0.765 &n. K; L, = 9g .;

Me A- 1 = 1.08 Iasm.c; L, = 4 iu;

Key: (1). Oomm 2/mekV 2 . (2). MW.km.

whence we determine the secticn cf main line AB on (5-18):

F 1'g7( / 0765.9 + ,..8+o.92.6 -
4,4 ( I ~+1/i .97.2

119Ax' (120 .ui).

Further calculaticn we perzcra according tc the data by table

5-22.

Paqe 168.

Loss of volta-ge in the main line

W = AU@i= 1.39.I.97 2.74/

Lo4ss of voltage, permitted during the calculaticn of branching

frcm thi pCint B,

AWi 6,5-. 2.74 3.76%.

....... 

. . . . r - ll 

A" 

- - ..
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Calculation of the krancaings:

lranchiny BV
3716

AU < 0.7- - 4.,2./ (npaoA A25).

Kay: (1). wire.

branching BG 3.76 • (, A )
A], i. =,= 3 .4 8O ( it A35.

tranching 3D

AU-r L'7 4.A (%mire C .A35).

Here AUg- tabular value cj tne magnitude cf lcsses of vcltage.

The weight of thi wires c¢ line according tc the calculaticn cf

example 5-2 (see Table --2)

O-3(1912+95.9+1364+1366)-77
91 x& L)

Key: (1) . kg.

Weight of wires acccrding to zhe calculaticn for the minimum cf

the metal

o-3(322.2+68.9+95.4+95.6)-661a 8.

Key: (1). kg.

Weiqht saving of wires during the calculaticn for the minimum of

the metal

Li
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7791- 618-1173 15%).

Key: (1). kg. (2). or.

5-7. Calculation of net accoraing to the loss of voltage and the

conditior cf permanent c¢rzent density.

The sections of tbe wizrea c the individual sections of net

during the calculaticn accord~ng tc the lcss cf voltage according to

the ccndition of pormanent cuxrrnt density are determined frcm the

formulas:

F, b- ; F. -. (5-21)

where I, 12, the currents cf tbe sectics cf line, a; j - current

density, constant for all secticus of the line:

IsU (5-22)- V ens

- specific conductivity ox wire, m/90MQ1; aU. - permissible loss of

voltage in the line with the resistive Icads.

During the calculaticm of line taking into account inductance

A a.it is determined frca Zcruula 15-10).

Page 169.

vjos#- the sum of tha prcducts of the length of each of the

sz ctions in the metirs tc the pcwex factcr - is computed from the

beqining of line to the end/leaa cf that brarchinq for which this
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sum is greatest.

With identical coE # tor dlI. loads of lire tha current density

is determined frcm the fcrauld

S= 5.3os

where L - th4 overall lernta, equal to the length of main line and to

th-. maximum langth of txancning, a.

Tha calculated on 15-A1) sections if wires are rcunded cff

befcre the nearist ncminal secticn, after which is ccnducted the

verifyinq calculation c lire cn the magnitude cf losses of voltage.

5-8. Loss of voltage ir the transfcrmar.

Loss voltage in the windin s cf doutle wcund transformer is

detprmined from the formulas:

PR+QX S C,u''= --- [ (R cos7+,Y'sin T), go; (5-24)

.i .PR-+QX -S Rcost+.Ysin(

Key: (1). kV.

where P - the rzsistivw lcau ct transformer, MW;

- the reactive load ct transfcrmer, Mvar;
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S - the full load of tram-tcrmar, MVA;

U - load voltage of transiormer, XV;

U.- nominal line volta e, xV;

cos 0 - coefficient cf cwer lcaaing of the trarsformer;

B - the effective resistance cr the windings cf tha transformer;

APRo. ; (5-26)

Kay: (1). ohm.

X - reactance of the wizdinys cz the transfcraer:

! U" . (5-27)

In formulas (5-26) ana (5-/7):

5- the nominal power ci transtcraer, 4VA; Ul,,- nominal voltage of

the winlings of transfcrmer, ,V;.aP.,- loss of short circuit in

transformer, MW; U,- vcltage drop, o/o, in the reactance of

transformer, det.rmin~d according To formula (9-7).

In formu.las (5.24), (5.25), (5.26) and (5.27) all values must be
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related either +o the side cf toe highest (VN), cr tc the side lowest

(MN) voltage.

Page 170.

Tables 9-2, 9-3 and i-4 pive the values cf the active and

raactanca cf transformers with res1 ect tc the side VN. The

translation of these resastcrc/zesistancies with respect to the side

NN is conducted accordino to the tcrmulas:RM'R, IH 2-o" ON; (5-28)

whare n - a transformaticn ratic of the transformer:

R - uq, (540)

where U, - relative vale cY vcitage, which corresponds to this

branching of thq wlndiry VN; yw- thq nominal transfcrmaticn ratic cf

transformer.

The magnituds cf Icsses ot voltage in tle transformers with the

rominal load and nominal icad vcitage for different power factors are

given ini Table 5-29.

Example 5-7. To determine the losses of voltage in the

4 transformer 10/0.4 kV wita a jcwex of 630 by kVA with the diagram of

connections of windings Y/Y.-. at tn icad of transformer S=50C of kVA

1



DOC = 10040308 fAGE U

with cos 1=0.85, branclin, cf are winding of transfcrmer - 5c/o the

value of voltaq. on the saccniary side of transformer UO0.39 kV.

Frm Tabl . 9-2 for ta. :ranstcrmor cf 63C kVA, 10/0.4 kV we find

the active and reactancE of tae windings of transformer through the

relaticn to side VN:

RgH. 1.9 1 .-3
Xmi= 8,52 ..

Th) nominal transfczmatica zatio of transfcmmer is equal to:
I0
-. ,4 = 25.

Actual transformaticn ratio taking intc account the selected

branchinq of windings is aetexmined from forsula (5-30):
n-0.95. 25-23&

We recount the resi-szors/res ztances of transfcrmer with respect

to the side NN according zc fczzulas (5-28) arl (5-29):
1,91 (if

Rr. -= 0 23 .2 0,00338 oN;

8,52 1
XYHH--- = 38.-0,015 ON.

Key: () 4--.
Vominal line voltaje cn tha side NN cf the transformer

U,=0,38 e.

For cos 0=0.85 sir o=O.E!7.

Thi loss of voltage in tne transformer we det.rmine from formula

(5. 25)

05 .000338.0.85+0.o5.o.27s./,. .- 100•zo 3 ,
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Table 5-29. Loss of voltage, o/c in the step-down transformers

6-35/C.4/0.23 kV with the ucainal load.

Ioauxa"buOa OM6UaJbnda.

Tome .T. 0.75 018 5.8 o . a 0.9 0.92 0.94 0.96 0. 28 1.0
TPaMCOOPMA- -G&TK -) I *~ -.. I I I I I ,II 0

25 6-10 4.39 4,31 4,20 4.04 3.92 3,82 3.70 3.55 3,37 3.11 2.40

40 6-10 4.34 4.24 4.11 3.94 3.80 3.69 3.56 3.41 3.21 2.94 2.20

63 6-10 4.29 4.18 4.04 3.84 3.70 3.58 3,44 3,28 3,08 2.80 2.03
63 20 4,68 4.54 4.36 4.13 3.96 3,82 3.66 3,47 3.23 2.90 2.03

10 6-10 4.27 4,15 4,01 3.81 3,66 3.54 3.40 3.23 3,02 2.74 1.97

100 20-35 5,80 5.57 5.29 4.94 4,67 4,47 4.24 3.96 3.62 3.16 1,97

160 6-10 4.16 4.02 3.85 3.62 3.46 3,32 3.17 2,99 2.77 2.46 1.66

160 20-35 5.65 5.40 5.10 4.72 4,44 4.23 3.99 3,70 3.35 2.88 1.66

250 6-10 4.07 3,92 3,73 3.50 3.32 3.18 3,03 2.84 2.61 2.30 1.48

250 20--35 5,55 5.29 4,98 4,59 4.31 4.09 3.84 3.55 3,19 2.71 1,48

400 6-10 4.02 3,S6 3.67 3.42 3,24 3,10 2.94 2.75 2.52 ,20 1.31

400 20-35 5,51 5,21 4.92 4,52 4.23 4.01 3.76 3.46 3,10 2,61 1.37

630 6-10 4,67 4,45 4,18 3.85 3.61 3.42 3.21 2.96 2.66 2.25 1.20

630 n0-35 5.40 5.12 4.79 4.39 4.09 3.87 3.61 3,31 2.94 2,45 1.21

1000 6-10 4.68 4,46 4,19 3.86 3.62 3.44 3.22 2.97 2.67 2 .6 1 22

1000 20-35 5.41 5.13 4,80 4.4U 4.10 3,88 3.62 3,32 2.96 2.46 1.22

1600 6-10 4.62 4.39 4.12 3.78 3.54 3,35 3.14 2: 9 2.58 2.17 1,2

1600 2-35 5,36 5.07 4,74 4.33 4.03 3.80 3.54 3.24 2.87 2.38 1.12

Nots. Table is comjris~d fcr the transfcrmers, prepared

accordinq to GOST 12022-66 ard 119-0-66.

Key: (1). Nominal power cf tzransfczmer, kVA. (2). Nominal voltage of

winding VN, kV. (3). With Lcwaz factor.

gap

I
- - -- ,
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Section g i

SELECTION OF CONDUCTCRS CN ThE 'lhMAL AND CYNAMIC STABILITY TO THE

CURPENT SHORT CIRCUIT.

Coaductors and conauc-crs in electrical retworks are abcve 1000

V, as a rule, are sutjecz tc clecKing tc the ccnditions heatings by

current short circuit.

In electrical netwcris tc 100C V to the thermal resistance are

checked only the conductcrs.

An increase in thf ta s~erature of the ccres of the

isolate4/insulated ccnauctors and cables as a result of the passage

cf currint short circuit Itads to the chemical decomposition cf

insulation and a sharp decreasE in its electrical and mechanical

strength and, consequently, alsc tc the Fossibility of emergency.

Therpfore are sstablised/installed the specific maximum perrissible

limits of the temperaturEs in te *ode/ccnditicns the short circuits,

- indicated in Table 6-1.
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Checking cables fer the acating from the currants short circuit

must be conducted:

1) for the single cables ct saall extent, cn the basis of the

short circuit the beginning cz tne cable;

2) for the single cabies, bbich have the couplings, on the basis

cf the short circuit in tne beginning of each secticn, in order to

have thz capability ty stais/szages tc decrease the section of cable

over its length;

3) for two and the more in jarallel ccnected cables, on the

basis of the short circuit it is airect after the beam (on the

through current)

It is allowed/assumed nct tc check conductcrs under the

conditions short circuit in tfc; case cf their protection by safety

fuses. Line is considered shielded by the safety device/fuse when the

disconnqcting ability cf safety devicq/fuse is sufficient for the

cutoff/,lisconn.cticn of the greatest possible emergency current of

line.

For tho lines tc the ind;.vioual elctrical receivers, ircluding

to the shop transfervers in tctal cwer tc 1000 kVA inclusively, it
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is allowed/assumed net tC cnecK rne section cf ccnductors on the

current short circuit vatu the eiaultanecus cbservance of the

following conditions:

1. In thz electrical cr technclogical part is provided

redundancy, which guarantees 1zc2 the discrJez cf prcduction process.

2. Injury of conductors with short circuit cannot produce blast.

3. Is possible re~laceadnt cf conductors without considerable

dif ficulties.

For the lines tc the individual electrical receivers or small

distribution pcints cf ncncritical destivaticr it is allowed/assumed

net tc produce checking ccnductcrs to the thermal resistance with the

short circuit, if is prcvided crly one ccnditicn 2 (absence of

explosion hazard).

The wires of aerial lines to 10 kV are nct checked using the

cirrqnt short circuit.

Thq pqrmissiblq stzeayzh - cl current short circuit for the

cables are determinad in dejerdiry on material and section of cable

and duration of thi passagb or currqnt short circuit.
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Th- thermal action c curzeat short circuit during the real

transit time of its tn. is cnaractIeized by the value of fictitious

timp t# passage of stead) current short circuit with the identical

with respect to therral acticn ef ect.

Fictitious time is der e raed (on curves 13, page 92]) in

depending on the relatic¢
,

where I" - the effective value c± eriodic cczFonent of current short

circuit into initial mcment, d; I.- st-lady current short circuit

(eff.ctivl value), a.

SReal time ta is ccmfosed from time e1q4ert,

established/installed cr &axisum-current prctecticn line, and proper

timp of the disconnecting aiparatus (switch of power).

During the checking by tne thermal resistance of conductcrs of

lines, aquipped hy the kagh s.eed automatic reset, must be considered

an increase in the heatirg ccnductcrs due to an increase in the total

dluration short circuit.
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During calculatiors current s-ort circuit in distribution

networks 6-10 kV very frequently tne attenuaticn does not consider.

In this casq fictitious time cdn te acceFted ky the egual to real and

the problem of checking tae ccnductors tc the thermal resistance is

simplified by the absence of the need of deteruiring the fictitious

timp.

Thi section, which ensures the thqrmal resistance cf conductor

to the current short circuit with the assigned magnitude of

fictitious time t.. is datermined from the expression

F-= Im (6-2)

whfrs F - a section of tha cazle core, MM2 ; C - constant, determined

in d9pending on thi assigaed Dy PUE final te. erature of heating cf

core ani the voltage; ruzaricai values tc the constant C were shown

in Tahl. 6-1.

Is given below Oahle 6-2 tcr checking the cables to the thermal

rpsistancp, compris-ad accordiny to formula (6-2) in the values of

permissible stqady current sncrt circuit in the kiloamperes.

In addition to calculaticn ror the therial resistance the

saction cf the busbars c¢ ccnuuctcrs must be checked also to the

.1t
I A. . . * ,-- I ,,
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wmchanical str.ngth witn tae ocrt circuit (dynamic stability cf

conductor).

Table 6-3 gives the data, necessary for testing the dynamic

stability of the busbars oz the ccrductors cf series ShRA and ShMA.

Example to 6-1. It is necessary to select cable 6 kV with the

aluminum veins/strands, tnermally resistant tc the current shcrt

circuit I.-5 kA, assuminS zaat tte attenuaticr shcrt circuit virtually

is absent. Time element ct saxlium prctecticn from the side of the

point/item of feed 0.5 s.

Solution. In the practical absence cf attenuation fictitious

time can be accepted by tb* equal to real, and the latter is composed

from time element of the maAimum protection cf line and proper time

cf cil breaker and relay 4neib in the sum can be accepted equal tc

0.25 s.

to-t-O.5+0.25-O,75 .

* Consequently,

Being turned to Vaula 6-i, tor ths time of 0.75 s we determine

- that to cable with the. aluminum veins/strands by section 3x5C mm2

corresponds the permissitit; strngrh of currEnt the short circuit cf

5.6 kA, ie. with thq cian values 1.-s kA cable will prove tc be

I,

-
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thermostable.

Page 174.

Th;. same we can ottain directly fro" (6-2)

F = 5. 000- ---- '- 44 A3.
-

Example 6-2. What naxamum riae element should be

-istablished/installtd cn the cil nrpaker of the feeding line, made by

the cable of brand SB seczicr 3x70 mm2 with the steady short circuit

cf closing/shorting 11 kA?

Attenuation, as ir the iziceding/previcus example, we assume/set

ty virtually absentee.

Sclution. On tables 6-2 in tua graph/ccunt for the copper cable

by section 70 mm2 we fird zhe value of current the short circuit,

which exceeds th- assigned magnitude. Wi have 11.7 kA. This

ccrr sponds to the fictitious czma of 0.5 s. Ccnseguently, assuming

that the proper time of the sbitch cf pcwer ard relay, as in the

first example, it will nc¢ exceed C.25 s, we are convinced, that

maximum time element of the pLctection of line, so that the cable

would remain resistant tc the tternal action cf current short

circitit, it must not exceed C.5 s.
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Example 6-3. In the sncE ct industrial enterprise runs itself

distributive conductor bita tea aluminum bushars. Design load of

conductor 350 h; conductcr it s shielded by a selective autcoatic

switch of the type AV-LJ5, the tziing time cf which with the short

circuit is qual to 0.6 s. The current strqngths with the sbcrt

circuit conductor cosprise:

periodic component cf prcant current short circuit, equal to

stoady current (attenuation is absent) 12 kA;

the amplitude of prcmpt current the shcrt circuit of 22 kA.

It is necessary tc fit the type of conductcr.

Solution. According to the ccndition of heating by calculated

current it would be possible tc accept a conductor of the type ShRA

60-4 to rated current 40C A, but the dynamic stability of the

conductor indicated was insuffLciant (sqe Tatle 6-3): 10 ka<22 kA.

The condition for dynamic stirility answers the following type

cf c:nductor ShRA 60-6 rated current 600 A, fcr which the value of

the parmissible amplittaE oi currant short circuit is 25 kA: 25>22

kA.

" LA ..2" .. "
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We check a conductcr ot the zype ShFA 60-6 against the thermal

r sistance with respect to (6-2). According tc the condition cf the

*;xample:
oI 12 ma 12000 a;

14t 4t., ..A

CPictitious tima is accepted Ly the equal tc rial tripping time

short circuit, since the attenuaticn of currert short circuit is

absent)

Valus of constant C ior the aiuminum bustars is determined cn

'fable 6-1:

C-9.

Tha minimum section ol tn busbars cf ccnductor according to the

conditions for thermal xesistarce vith the shcrt circuit is equal to:

F- =12000- -- 10 A .

Th selected type cf ccnauctcr satisfies the condition for

thermal resistance, since tue sacticn of bustars for it ccmprises

60x6=360mA>03 mm2 .
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Table 6-1. Permissible temiezatures of heating the conductors also of

busbars with tha short circuit.

I) flofycTkMaA 3-v.e'ne

I Me4CW~a C

&)Um e~Abie . .. .. .... ......... 300 165
t umaitioMHHlesbae. .. ......... 2W0 90

((.,iWmneh caah~Hhwe, He Iluetouwte Heno CpeacTen-
Hato0 coeeimRr c annaperM. .. .. .... 400 66

(-7XIMWb crAbuibie C HenOpeavr~emmbx coeamj-( fleNmem C anfaparom .. .. .. .. ...... 300 60
S)Ka~enf C 6yBAKrIIOMIlpnTaHOflk mo0a~ulwee

HatlpfHMHHeu Ao 10 ica c meambu4u Ri aaio- 98
mwIHeewbmII imlamn. . ..... .. ...... 200 14

/q'jaKe&rn a s~oAxposdnmhe ripos0aa C floAH*

L zopsrnIJL-00 1. I pe31008o6 M3a~lujeA c 83
ReAIWMS w amomNHmeahilm Awa.amH ... ISO T22

omaerojibie flposwM nrpff MEeF(usrx Mee
' 2 ocowe ... .. .. ... ... ..... 250 165

&I)To wce Up11 Tg-,erntx 6ontee 2 Jcrf.v 2  
. .. 200 145

(, ) IOUH~ehiero.ibie flPO30A Tlpfl ThR4CeHHAX
. eitee I ocr.%w . .. .. ... ....... 200 98
Vr e flPll TumKeaH$X done 1 ,W/wxw . . . 160 85

jqAaioaHieBas 'iacmb cTaneamun1Rmeabix npo- 20 9

No'-is: 1. Thi values ot value C ari determined with me an

operating temperatures ct 750C fcz the busbarE and by 500C fcr the

wires and and cables.

2. In numoqrators ci fractions are shown values of value C for

aluminum, in danominatcrs - fcr copper.

Key: 1) . form and material. ot conauctor . (2). Greatest permissible

ki
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temperatur=a. (3). Value Ci coeitficaent. (4). Eusbars (copper. (5).

Eusbars (aluminum. (6). EusLars steel, which dc not have direct

connscticn with apparatus. j7). Eusbars steal with direct connecticn

with apparatus. (9). Pajer-insulacad cables vcltage tc 10 kV with

corp-r and aluminum veins/strands. (9). Cables and insulated wires

with oolychlorovinyl or rubber insulation with ccpper and aluminum

veins/strands. (10). Ccjfer bare wires with stresses are less than 2

kg/mmZ. (11). Then with itrasses is more than 2 kg/muz. (12).

Aluminum bare wires wita stresses are less than 1 kg/mm2 . (13). Then

with stresses is more than 1 ky/mm2. (1I). Aluminum part of

steel-aluminum wires.

L1
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Table 6-2. Permissible stranyzhs oz current the short circuit of

cabl~s dith tha paper Inuiaticn zo the voltage 6-10 kV according to

the conhitions of thermal rasiszance, kA.

() Ceqe., Ude*n. AAB

0.25 3,12 4,88 6.85 9.75 13.7 18,50 23,40 29.25 36,00
0,5 2,20 3,45 4.80 6.90 9,65 13.00 16,50 20.00 25,45

0,75 1.80 2,80 3.95 5,60 7.90 10,65 13.50 16.90 20.50

1.0 1.56 2,44 3,40 4.85 6,80 9,25 11,80 14.60 18.00
1.5 1.28 2.00 2,80 4.00 5.55 7,55 9,55 11.90 14,75
2.0 1.10 1,72 2.40 3.45 4,80 6,55 8,25 10.30 12,75
2,5 0,985 1.54 2.16 3.08 4.30 5,85 7,40 9,20 11.40
3.0 0,90 1,40 1.97 2.80 3,95 5,35 6,75 8,40 10.40
3.5 0.83 1,30 1.80 2.60 3.65 4,95 6,25 7,80 9,60
4.0 0.78 1.24 1,70 2,44 3.40 4,65 5,85 7,30 9.00
4.5 0,73 1.15 .60 2.30 3.20 4,35 5.50 6.90 8,50
5.0 0.70 1.10 1.52 2.18 3.00 4.15 5,23 6,53 8.10
5.5 0,.6 1,04 1,45 2,10 2.90 3,95 5,00 6,23 7,70
6,0 0,640 1,00 1,40 2.00 2.80 3,80 4,80 .6,00 7,35

S'3") ,Aledme XU ,w

0.25 4,63 7,25 10,2 14,5 20,2 27.5 34,8 43,5 53.5
0.5 3.28 5,12 7.16 10,4 14.3 19,5 24,6 30,7 .38,0
0,75 2.68 4,19 5.85 8,37 11,7 15,9 20,0 25,0 31,0
1.0 2.32 3.63 5.00 7,25 10,1 13,8 17,4 21.8 26.8
1.5 1.90 2.96 4.15 5.92 8.30 11,3 14.2 17,8 21,9
2,0 1.64 2.56 3,58 5.12 7.18 9.72 12.3 16,6 19,0
2,5 1,47 2,30 3.20 4,58 6,42 8,71 11,0 13,8 17.0
3,0 1.34" 2,10 2.93 4,19 5,86 7,95 10,0 12,6 15,5
3.5 1,24 1,94 2.71 3,88 5.43 7,36 9,30 11,6 14,4

-4.0 1,16 1,81 2,50 3.62 5,05 6.90 8,70 10.9 13,4
4.5 1.09 1.70 2.39 3.41 4,78 6.48 8,20 10.2 12,6
5.0 1.04 1,62 2.27 3.25 4,55 6.16 7,80 9,75 12,0
5,5 0,99 1.55 2,16 3,09 4 32 5,86 7,40 9,25 11,4
6,0 0,95 1,48 2.07 3,06 -1:151 5.63 7,10 8.88 11,0

K4y: (1). Section of catIes. (s). Aluminum ieins/strands. (3). Ccpper

veins/strands.

A
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1rabla 6-3. Valups of thka porusssix~ie impact current short circuit fcr

the -:cnnuctors with the a.Luminuz ousbars of series ShRA and ShMA.

Ton m"nnIrm.,.U P2J3lepbl Illit. AM Tog. a ycm04mnDCm. 94

IlJPA 6f)-2 3) 5250 10

WPA 60.0 60)< 6 600 25
WINA 59.1 2X100)<8 1500 40
IIIAIA 59.2 X120XI0 2500 50
W1MA .59.4 2X I 60X12 4000 70

Kay: (1.Type of conductcz. (z) . sizes/dimi!nsicns cf busbars. (3).

Ratel cilrrant, A. (4&). Lynawic sta~ility, kA.
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Page 177.

S-ction 5ve n.

Tssting the conlitions cr functicning shielding apparatus during the

single-phase closing/shczting it me nets by vcltage to 1000 V with

the dead ground of neutral.

In electrical nhtucrps ry vcltage tc 1000 V with the dead ground

cf neutral must be proiided zeliaDle cutoff/disccnnection with

shielding apparatus single- tase snort circuit. This is dictated by

the requirements of safety engineering.

Calculation points for determining the strength of current shcrt

circuit are the outermcst (in the electrical sense) pcints of net,

since to precisely these kclnts ccrrespaonds the small value of

current single-phase shcrt circuit.

The value of single-prase current short circuit can be

Aetcrminad according tc tae aii;oximation forsula

U,"-z,+z.? ' (7"I)

* where ,- phase line vcltage, in; - mpedance of step-down

currant transformar cf ccnacz to zrame vault oh: z.- impedance of

,'.
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loop phase - zero line.s to tke cutermost point cf net, ohm.

Computed values imjedances of the step-dcwn transformers during

thiz single-phasa closin~s/sacriags are givqn in Table 7-1.

For the transformes whcse power is more than 630 kVA during the

detirmination of current snort circuit it is possible to accept:

Z,-o.

Impedance of the iccp of wires or cable cores cf line is

determined from the forsula

Z. Y R.2 + x. (7.2)

where R. - the effective resistance of phase (Ro)and zero (Re) of

wires, ohm;

Rn- R*+R,; (7-3)

I,- inductive roactance o the lccp of wires or core of cable, ohm.

The effective resistance ci wires frcm the ncnfetrous -metals are

dl:tprminad onrable 5-1. The average/mean values of inductive

reactances of the. loops cf uiras or corss of catles from the

nonferrous metals on 1 k ox lirE they were given in Table 7-2.

For the steel wires inductive reactance cf the loop of wires is

determined from the fcrmula
X.- X.' + X",a +r'., 0. (7.4)

I fI l i lii. ..- i ...* ... ..= , .. . -... .. ....



.t
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wharg X's - external inductive reactance cf Iccp from the

straight/direct and retuza conauctcrs, aqual for aerial line ty

voltage to 1000 V of 0.6 9/Km; XM ,. and X",., - internal inductive.

rpactances of the raspectivaly straight/direct and return conductors

of line, 9/km.

'.1
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Page 178.

Table 7-1. Calculated resistors/resistances cf transfcraers with the

single-phase short circuit cc tte side 4C0/23C V.

" ~ I c. , .. n. orocr Torn ~ A caeaU conpo~ohrn.-

401-41 TM. TMA 20 6-10 Y/Y, 1.39
TM 30 6-10 Y., 0,9
T M 50 6-10 Y/Ym 0.54
TM 100 6-10 Y/Y. 0.27

TMA 100 35 Y/Y, 0,25
TCMA 100 6-10 Y/Y, 0.26
TCM 100 35 Y/Ym 0.25

TM, TMA 180 6-10 YiY. 0,15
TM, TMA 180 35 Y/;Y, 0.14
TM. TMA 320 6-10 /Y, 0,085
TM. TMA 320 35 Y/Y, 0.08
TM, TMA 560 6-10 YY 0.048

* TM. TMA 560 35 Y/y 0.046
.TMA 750 6--10 ,- 0 0,036 ,fA .TMA i 000 ri--10 Y1, -.' 0, 027 v '

TM 1000 35 YY 0.026

12022-66 TM 25 6-10 Y/Y. 1.04
TM 40 6-10 Y/Y, 0,65
TM 63 6-10 Y/Ym 0,413
TM 63 20 y/y, 0,38
TM 100 6-10 yiyu 0,26
TM 100 20-35 Y/Y, 0,253
TM 160 6-10 Y/Y, 0,162
TM 160 20-35 Y,/Y 0.159
TM 250 6-10 Y/Y" 0,104
TM 250 20-35 yY. 0.102
TM 400 6-10 Y/ Y 0,065
TM 400 20-35 Y/Y. 0,064
TM 400 6-10 Qy/a 0,O'n
TM 630 6-10 Y/Y, 0,043
TM 630 20-35 Y/Y, 0,04
TM 630 6.-10 UJY. 0.014

11920-66 TM 1000 6-10 Y/Y, 0.027
TM 1000 20-35 Y/Y, 0.026
TM I 000 6-10 l;Y. 0.009
TM I 000 20-35 LjY, 0,01

TC3 160 6-10 Z,1Y, 0,055
TC3 180 6-10 Y/Ys 0.15
TC3 250 6-10 Z/Y. 0.035
TC3 320 6-10 Y/Ym 0,085
TC3 400 6-10 fl/Y, 0,022
TC3 560 6-10 YlYg 0,048
TC3 630 6-10 a/Y, 0.014
TC3 750 6-10 YY, 0,036
TC3 1000 6-10 f,,/Y. 0.009
TC3 (000 6-10 Y/Y= 0,027

A
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Notes: 1. Table is comprised cn the basis of materials 2].

2. For st'3p-down transioumars with voltage cf secondary windings

230/133 V thi values of rsist crs/zosistances are 3 times less than

indicated in Table 7-1.

3. Conventional designaticrs cf diagrams of connections cf

transformers: Y - star; Y, - star nith derived zero point; D -

triangle.

Key: (1). Type. (2). Nomiaal pcwer, kVA. (3). Voltage of winding VN,

kV. (4). Connection diagram. 15). rmupeJercc Zri Ohl".

Page 179.

Active and internal inducTave reactances for the steel wires are

determined fromoble 5-4 in dejenaing on the strength of calculated

minimum current short circuit.

Thq values impadances of icoas for the wires of cores of cables

frcm the nonferrous metals cn 1 km of lire they were given in Table

7-3, ani for the steel stranoed wizrs- in Table 7-4.

-- - - - --II I I i
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Table 7-5 gives the Lesistcrs/resistances cf loop "phase - zero"

for aluminum triFle-cores caole in alumirum shell during the use by

the latter as tho neutral ccnauctor.

Table 7-6 shows the resizcrs/rssistances cf loop the "pkase cf

triple-core cable - steel stxip" for unarmoured cables.

.1

IIij,>e
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table 7-2. Tha average/mean vaiuas of inductive reactances of the

locp of straight/direct and reatun conductors or core of cable, made

frcm nonferrous metals fi/xv.

/;' Vcgomwl I1pO EaAER jCOO~ IMCUE l

(2Ka6eAb AO I go FLI npOBoA.a np0o (eInHIes 'py-
all .p . . . . . . .. . ............ O. . . 0 15/V'M=.upown.,-e npooa Ha pe.'auax .. .. . .. 0.4

mmman m oCM M au..... ........... 0.5

Key: (I). Conditions of separarTr. (2). Inductive reactances. (3).

Cable to 1 kV or wires, laid in t~ues. (4). Irsulated wires cn

rollers. (5). Wires cn insulatcrs indoors or cn external walls of

building. (6). Aerial lies ct lcw voltage.
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Tablq 7-3. Impedances ct tas loc cf the straight/direct and return

conductor of line cr ccre of carle, 9/km.

Ce.euue aasp- KWae a apo- npoNDAg Na po4*- fpoWAoa no34m.
AS. MAO WAS 5 Tp) m R i30iTOPSZ X ,M ANHI

Moaro m ore MeAIHMU Meikii.~ MeAlitd ow NOW

1° 1 37.8 " -'- "
1.5
1.5 1.5 25.2 - 25.2 -- -2.5 1,5 20.2 - 20.2 -
2.5 2.5 15.1 25.2 1351 25.2
4 1.5 17.3 - 17.3 -

4 2.5 12.2 20.5 12.2 20.5
4 4 9.3 15.8 9.3 15.8 9,3 -

6 2.5 10.6 17.9 10.6 17.9 - -

6 4 7.73 13.2 7.71 13.2 -
6 6 6.12 10.5 614 0,5 6.16 -
10 4 6.50 11.1 6.52 1.1 - -

30 6 4.90 8.42 4,92 8.42 4.96 -
30 10 3.68 6.32 3.71 6.32 3.75 -
16 6 4.26 7.24 4.28 724 432 -
16 30 3.04 5.14 3.08 5,15 3.3 -
16 36 2,40 3.96 2.45 3,99 2.52 4.03-
25 10 2.58 4,44 2.62 4,46 2.69 4.50
25 36 1.94 3,26 1.98 3.30 2,08 3,34
25 25 1.49 2.56 1,55 2,60 1,68 2,66
35 30 2.38 4.08 2.42 4.11 2.48 4,15
35 36 1.74 2,90 3.79 2.96 3.87 3,00
35 35 1.09 3,84 1.36 1,90 1.29 1,96
50 16 3.60 2,62 3.65 2.66 1,74 2,70
50 25 1.14 1,92 3.21 1.97 1.32 2.03'
50 50 0,793 1,29 0.800 1.36 1.05 1,44
70 25 1.03 1,74 1.33 1.80 3.24 3.86
70 35 0.833 1,39 0,927 1.45 1.08 1,53
70 70 0.58 0,932 0,706 1.03 0,896 1,13
95 35 0,755 3.27 0.856 1.34 1,02 3.42

95 50 0.608 0,99 0,712 3.08 0.915 1,18
95 95 0.428 0,797 0,5M6 0,815 0,772 0.907
120 50 0.5 0,922 - - 0.858 1,09
120 70 0,461 0.745 - - 0.792 0.945
120 320 0:350 0.561 - - 0.732 0,808
ISO 50 0.535 0.862 - - - 1.04

150 70 0.430 0,687 - - - 0,806
150 180 0.265 0,446 - - - 0.732

.Ky: (1). Section of Vwire. (2). Ca le and wires in tubes. (3). wires

on porcelain insulatcrE and insulators. (4). ires of aerial lines.

(5). straight line. (6). reveree/, nverse. (7). ccpner. (8). aluminum.

II
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In the electrical devices uith dully grcunded neutral the

admittanca of the grcurdiny ccncuctors taking into account the

natural grounding electrcdaa must ccmprise nct less than 50o/c

conductivity of tho phase ccnductor of mcst pcwerful/thickest line

from a number feeding tnis elactrical device cr separate electrical

receivers.

In all cases the secCicns c€ grounding ccnductors must be not

below minimally permissitle, given in Table 7-7.

Thi grounding ccnductors, Epecially intended for this purpose,

must run itself together, also, in immediate proximity of the phase

conductors. During the usa of tke natural grcunding conductors they

must be arranged/locatec alsc in immediate Frcximity to the phase

conductors.

With the wiring steel tuaes or executicn cf line armored cable

by most reliable is the use fa tne grcurding cf the fourth core of

wirq or cable.

p1
Ai
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348
r.able 7-4. Impedances ci the iccj cf the straight/direct and return

conductors of arial lines zy vclage to 1000 V with steel stranded

wire:s, 1/kin.

Mipua I4 OaA&UNB YON uaaauoN aclafts. a

upMUm- o0lPai. (~O yCT&Mu aaloslaiwileCKoro SMISANGo4aTe.I. c veKTpnm~r-
to faI "Tuanm paci ueawoec. a

fIC-25 11C-2$ 13.5 15,0 14.6 14.1 13.4 - - -
nc-3 lnc-3 8.72 11.1 11.3 11, 10.3 9.70 9.20 -
nc.o! 17c-2 g6it to. iz.o i1.0 )0,7 - - -
1C C-50SO 5.72 6.45 7,42 9.90 7.0 7.65 7.42 7.33
rIC-70 [IC-25 8.50 9.32 9.22 9.16 9.05 - - -
nic7oi nc-,s 6.15 7.37 7.60 7.60 7.50 7,26 7,06 -
M.-70 C-70 3,58, 3.64 3.85 4.23 4.70 4.82 4.93 4.65

K'ty: (1). Brand of wires. (2). Bated current ty smelting insert, A.

(3). straight line. (4). raverse/i verse. (5). Current of setting cf

automatic switch with electzczagnetic rs]ease, A.

Table 7-9. Impedances o± the loci "phase zerc" of three-strand

aluminum cables during tha use cf their alumirum shells as neutral

conductor, Q/km.

6 4eem mumUt( ...... 16 25 35 50 70 96 12D
2Conpoi*u0na M~?U J

AIK-NY.MbOa j2.58 1.84 1.39 1.03 O.&M~ 0,635 0.543

Key: (1). Sqction of catle ccz. (4. Rqsistcr/resistance cf loop

"phase zr-c", ohm.

-IL
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Pages 1,32-183.

Reliable cutoff/disccanection with shielding aFparatus

single-phase short circuit will re provided urder the ccnditicn of

fulfilling the relationrsip/ratic

K,13, < 1., (7-5)

whera K,, - permissible sultiEliciti of minimuf current short circuit

with respect to the rated current by smelting the insert of safety

device/fuse either tc sfiUl current or tc rated current of the

maximum release of the autcmatic machine '4; In.- the smallest value

cf single-phase current the snort circuit, determined according tc

formula (7-1) , A.

In accordance with the requirements PUE the permissible

multiplicity of minimus current short circuit must he not less than 3

with resnect to the ratec currert smelting the insert of safety

device/fuse and the rated current cf the release of the autcmatic

switch, which has the ccrversell dependent cn the current

characteristic, and not less than I.IK, with respect to the spill

current of the automatic switch, which has cnly electromagnetic

release (K, - coefficiinr, which calculates the spread of the

characteristics of releasa cn tne nasis cf the data of plant).
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'able 7-6. Impedances cf Iccp tne "phase of three vein/strand cable -

st~eel strip", Q/km.

C ... -.epa am
MO. sate Fiil 1 IOX4. I0DXS.

JX4 4OX4 S'X 4 50X4 NX4 WX(4 io'WX6 l0oxg

MaKcHiMaAbIEoro paC-
uenwtei asTOMaT,
a......... ;. 150 1400 200 1400 250 1400 300 1400 400 11400 500 1400
M'4HalbS Idl TO

i

nnaaKoi SCTaMgm 6.-
F\ 3blW ep l H C)O np L,-

ACOXPaHIITe.". a • 60 80 600 100 ,600 120 600 150 w 200 600

jMa eCP3an W*HJ4 ,6ej: 17) ["oJamoe conlpouTieHee W. . ox/w.

3X4 (NMea 9.59 8.43 7.82 7.45 7.40 7.17 7.14 6.92 6,82 6.59 6.56 6.45

tq)A.,0MonrnA 13.52 12, 11.79 33.42 11.37 11,14 11.13 10.91 0,81 10.58 '0.5 10.45
3X6 te-.mb 7.76 6.59 5.97 6.60 5.54 5.31 5.27 5.05 4.95 4.72 4.68 4.57

A.imouuNwf 10.34 9.17 8.59 8.22 8.17 7.94 7.92 7.7 7.61 7,38 7.34 7.23

3XIO .Meazb 6.36 5.19 4.55 4,18 4.11 3.98 3.83 3.61 3.5 3.27 3.22 .3.1
A.mIomHNR 7,86 6.69 6,07 5.7 5,63 5.4 5.37 5.15 5.05 4.82 4.77 4.66

3X16 MeAb 5.6 4.43 3.78 3.41 3.32 3.09 3.04 2.82 2.71 2.48 2.42 2.31

A.iommni 6,49 5.32 4.68 4,31 4.24 3,01 3.96 3.74 3.64 3.41 3.36 3.25

3X25 Menb 5.14 3.97 3.31 2.94 2.86 2.63 2.57 2.35 2,24 2.01 1.95 1.84

A.nMwHNi 5,70 4,53 3.88 3.51 3,43 3.2 3,15 2.93 2.82 2.59 2.53 2,42

3X35 Megb 4 3.74 3.09 2,71 2,64 2.4 2.35 2,13 2,01 1.78 1,73 I.6.

A.iouunomi 5,30 4.13 3.48 3,11 3.03 2.8 2,74 2.52 2.41 2.18 2.12 2.01

3X50 MeAb 4.75 3.58 2.92 2.55 2.47 2.24 2,19 1.97 1.86 1,63 1.57 1.46

A.boiMaauu 5.02 3.85 3.19 2,72 2,74 2,5 2.45 2.23 2.12 1,89 1.83 .
3X70 Mern 4.64 3,47 2,81 2,44 2,37 2.4 2.08 1.86 1.75 1.52 3.46 3.35

A.mou &A 4,83 3.66 3.0 2,63 2.55 2.32 2.26 2.04 1.93 1.7 1.64 3.53

3X95 Meab 4.57 3.40 2.73 2.36 2.29 2,06 2.01 1.79 1.67 1.44 1.38 1,27

A.niomiwaA 4.70 3.53 2,87 2.50 2.42 2.19 2.14 1.92 3.8 1.57 1.51 1.40

3X120 Aleab 4.51 3.34 2,69 2,32 2.24 2.01 t,96 1,74 1.63 1.4 1.35 1,24

AmomutwtA 4,62 3.45 2,8 2,43 2.35 2.12 2,07 1.85 1.74 3.51 3.45 .34

3X150 MCelb 4,47 3.30 2.65 2.28 2.21 1.96 1.93 1.71 1.60 !.37 1.31 1.2
4.56 3.39 2.74 2,37 2.29 2.06 2,0, 3,79 3,65 1,47 1.39 1.28

3X185 MeAb 4.44 3.27 2,63 2,26 2.18 1,95 1.90 1.68 1.58 1.35 1.28 3.37

AaoummnA 4,52 3.35 2.7 2.33 2.25 2.02 11.96 1.74 1,64 1 .41 135 1.24

Note. The resistor/resistarce of locp the "Nphase of cable -

steel strip" does not reiai.n ccrstant for tbe indicated in the table

values of current, Sinca the reaiscr/resistarce of resistance is

determined by interpclaticn.

Key: (1). Section of cacle. (a ). Current and material of ccre of

Air
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3 e.

cable. (3). Sizqs/dimernicns cr steel strip. (4). Spill current of

maximum release of autcuatic aachire, A. (5). sated current by

smeltinj insert of inertia-tree satety dEvice/fuse, A. (6). raterial

cf core of cable. (7). Isipdance oz loop, 0/ka. (8). Copper. 49).

Aluminum.

Page 18L4.

For the nets, run in the aangercusly expIcsive locations, the

pcrmissible multiplicities 0± current shcrt circuit increase to value

of 4 with respect to the rated current by szelting the insert of

safety device/fuse and 6 iith res ect to the rated current of the

rpl-ase of automatic sbitch wizb tbe conversely dependent cn the

current characteristic.

For the nets, shieldeu cnly fzcm the currents short circuit, in

the necessary cases (fcr examfle, ior the turing cut frcm the

currints of thc self-start cf angines) is allcwed/assumed the

overestimate of the currents ci tne fuse links cf safety

devices/fuses and settircgs cf the zeleases cf autcmatic machines in

comparison with the values, indic4ted in Table 4-50, but in this case

the multiplicity of curze t saozt circuit must have a value rct less

than 5 with resoect tc the rattd current by aselting the insert of

safety device/fuse and nct less tadn 1.5 with respect to the spill



DOC = 30040308 PAG.G -rr

curre.nt of th _ electrovagnetic Xelaase of autcmatic machine.

The values of the. iermisslite multiplicity of current shcrt

circuit for the varied ccnuiticEs cf the separatcr cf net are given

in Table. 7-8.

Example to 7-1. Fig. 7-1 epicts the schematic of four-wire

aerial line, mada by aluminum wares and that cttaining feed frcm the

tusbars of the distributing fraze -:80/22C V. The neutral of system is

dully grounded. The sections or wires and length of the secticns of

line are shown in Fig. 7-1.

Disregarding the resistor/resistance of external net to the

busbars of panel and the resistcr/resistance cf transfcrmer, to check

tha action of shieldinc a araruses with the single-aFhase shcrt

circuit at the outermost poinr oz lina under the ccndition fcr

fulfilling requirements EUE (see Table 4-50) fcr the following

varsions:

1. Linq is shielied by safaty devices/fuses with the fuse links

to the rated current 8C A.

2. Line is shieldea ty autcuatic switch cf typo A 3124 with

combined rileases to rated curzent 100 A.
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lable 7-7. Minimum secticas cf the copper and aluminum grounding

conductors in the 3lZctricil davices to 100C V.

(i , Hanvm~e ain Iaposamosn Ice ) C10O VWSW &

ronbie nPOSOAHIIKH npiS OTXpaITO np.-
/ K.iaaKe . .............. .. 4 6
,( 30.1I~po3HII'Je npoooAa ....... ... 1.5 2.5
tj3euw.ow-,e W..mW Ka6ezeA kizu m. oro-

, H.lbHbiX IP0[WA0B, HaXOAXUHIXCI B
06uteh 3BULNmhA o4foxioxe c 4mwMuM

.la ...... ............... I IS

Key: (1). Designations ct conductozs. (2). Sections of conductors.

(3). coppir. (4). alumirum. (5). Bare conductcrs with surface work.

(6). insulated wires. (7). Gzounding cable ccres or stranded wires,

which are located in general/ccaucr/tctal shielding shell with phase

veins/strands.

" JA' / -7- A " 3I fjw ' 'r

Fig. 7-1. Diagram for example tc 7-1.

Page 185.

3. Line is shielded by autcmatic switch cf type A 3124 with

lpctromagnetic reliases with setting of spill current 600 A *

, JM
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FOOTNOTE 1. Th- consideraticns, according tc which is selected one cr

incther prot-ctor, here are nct fxamined. An example has the limited

targst of - showing the typical cases of testing the shielding

cutcff/lisconnoction wJth zae singie-phase shcrt circuit.

ENDF IOTNOTE.

Solution. The ccndiztcn for tunctioning prctectcrs we check

according to formula (7-5). ie dererminei the resistcrs/resistances of

the loop of the phase and neutral conductors cf line with the

single-phase short circuit at such point for which the value cf

resistor/resistance it will te greatest. Thrcughrakles 7-3 we find

thF values of thp specitic resiztors/resistances cf loop "phase -

zero" for the sections cf tha sections of the line:

3 X70+1 X 35 z-1,53 oa,/xj.
3X 35+1 X 16 z-3.0 oa.xA; V

3 X 16+1 X 16 z#,-4,03 o*v..u.9

Key: (1). Q/km.
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1abl: 7-8. Values of the pazaissialJe minimum multiplicity of current

short circuit with respect to rcha current of shielding apparatus.

6)ADOuYMTMag XPAfldaC~ TO"J X. 3. R0

Mi 6 7yiaT1- ~m
?CAO8NU aOKARN K nwKai HKcxornoIawl IfclY OnY

IfMY To Y KA04,qAej a. rm."e
ffAaG.O jimemmnero cxoro abixiIO-

ITase ape- TGibKO SACK. q MA 0PT
A0XpNNT14 Tpn~varmnUTiM No 380"CHNOI

Pacueftweab 0? Toffs xapax.
(aceqhayl TepacrKoma -

ycaomsi 9bifloA~tCK1 Tpe6o-
ann mnuama. 4-50 . 3 1. IXP 3

Cemb npo~am a HemphI-
s00n3CROu UUNELCUI LnpR
yuAoDNN. wro TPe6O52HHJI( T&M~. 4'50 me 3snGHRnuOTCA 51.-

C*obn.fpOJ1OMHa 30 53PU.

OCWUCIIO DDAMMMMIU . . 4 IK, 6

Note.::1 coeifici.ent, which ccnsiders the spread cf the

charact-aristics of automatic switches with the electrcmagnetic

release.

2. In the abssnce c± data Cf 1iant about 'qua-ranteed accuracy of

sstting cf spill current of autcaic switch with alectromagretic

release (cutoff) it is allowed/assumed tc take value cf coefficient

X~for automatic switches for rated current tc 100 A equal to 1.14,

higher than 100 A - squal tc 1.A-5.

3. With difficulty ia fulf~riling of requirements cf thcse

indicated in Tabl, 7-8, is diliowei,'assumed use/'application of
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high-speed protecticn fr.m clcsin4/shorting tc the earth.

Key: (1). Conditions of sejaratcr. (2). Permissible multiplicity of

current short circuit according to relation. (3). tc rated current ty

smeltinI insert of safety Udvice/ruse. (4). tc current of setting of

functioning automatic sbitch, whicn has cnly electrcmagnetic release

(cutoff). (5). tc rated current cf release cf automatic switch with

conversaly dependent cr current characteristic. (6). Net is laid in

nonexplosive location under ccnditicn for fulfilling requirements

tables 4-50. (7). Nat is laid in ncnexplcsive lccaticn when

r=quiramfnts tabla 4-5C azs not made. (8). Net is laid in dangerously

exclosivo location.

Page 186.

we determine, which oi tha points D, or E is calculated.

Resistor/resistance cf tie IccA tetween the pcints G and D

4.03 x 0,08-0,323 .(X

rosistance of the locp hetween tha points G and E

Calculated proves tc be pcinr E. Impedance cf locp "phase -

zero" between the points A and f comprises:

Zo-,530,07 O,08)+O.39-.0,62 A.I
•icminal phase vclta a

t
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UN-220 V.

We determine the value cr singla-phase current with the short

circuit at the outermost cinr E of net (acccrding to the condition

of an example one should accept Z,-o:

355 a.

we check satisfacticn c ccndition (7-5) fcr all three versicns

cf the protection of line.

Version 1. The parmissibia miaium multiplicity of current short

circuit with respect tc the rated current bj smelting the insert of

safety levice/fuse acccrdiny tcacle 7-8 is equal to:

K~s-&3

Hence: 3.80=240 A<,.15 A.

Thus, the reliable actica ct the shieldirg line safety

devices/fuses is provided.

Version 2. The permissiole multiplicity cf current short circuit

with respect to the therial elezent/cell of the combined release,

which has the conversell defending on the current characteristic, is

equal to:

Hence rslaticnshir/ratiC 17-5)

3.10=300 a<355
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is fulfillid and the rejuized EUE degree of reliability of the acticn

of shielding aonaratus is jrcvided.

Version 3. AccordinS tc tte data of plant the guaranteed

accuracy of setting for the autcaatic switches of the type A 3124

comoses +-19o/o. After taking as in acccrdance with the indication

abli 7-8 safty factor edual tc 1.1, we will ottain:
K,, 1,1. 1,15-1.27;
1.27.600- 760 a>355

The reliability of tae action of automatic switch with the short

circuit at point E is nct irovided.

Page 187.

Examplp 7-2. In the systam with dully grcunded neutral vith the

voltage 380/220 V tha lina is snielded by safety devices/fuses with

the fuse links to the rated current 100 A. Assuming/setting Z.-O. to

* determine the maximum length at line at which will be provided

raliabli blowing with the single-paase short circuit at the end cf

the linq for thq following versions of the execution cf the line:

1. Aerial line witn tne aluminum wires ky secticn 3x50e+x25 mm2."1
.. 1

A .... . . . .... .. ,,4 ! _
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2. Triple-ccrs cable .itb aluminum cores %ith section 3x50 MM2

in aluminum shc-ll, utilized as grcund wire.

3. Threq-strand urazimoured canle with aluminum veins/strands by

saction 3x50 mmz with gicundiaj busbar in the fcrm cf steel strip by

secticn 50x4 mm.

Solution. on Table 7-8 we determine the minimally permissible

multiplicity of current tne saot circuit:

Kit-3

Smallest permissible value of single-phase current the sbcrt

circuit
,-3. tO-O

Taking into acccurz that znrough the ccndition cf example z,-0.

we find through fcrmula (7-1) tte great permissible

resistor/resistance "plase- zerc" the line:

220
Z < M =, 0,733..

We determine the skecitic resistor/resistance to 1 km of loop

"phase zerc":

for varsion 1 on Table 7-3

for version 2 on fable 75 - Z f' ..

6161
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for varsion 3on able 7-o

za-Z74

The maximum permissicie iengths of line will be equal tc:

versicn 1
0.733t4-2.3-0,36 xm;

version 3"

• . The maximum lqngtb cf liia is provided by the use/application ¢f

a cable with th- a use cf an aluminum shall as the grcunding (zero)

wire.

-'

41

ji7 7
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Page 188.

Section Eight

SELECTION OF WIRES AND (ABLES GN TdE ECONOMIC CURRENT DENSITY.

%he "rules of the aevice/equi~uent cf electrical devices"

established/installed .ccnczic currant densities cn which must be

selected the sections ct the bires of aerial lines and cores of

cables.

Economic currant density is determined from I-able 8-I.

Th3 section of conductcr dccording to the condition of economic

current density is determined irom the formula

*I ,P -=, ur', 1S-I)
77'

where I - calculated current oi line, a;

4s- economic current density, A/mR2 , taken on tables 8-1.

71
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Thi calculated curtenz of line is accepted from the conditions

for normal operation and duziny its det.rminaticn is not considered

an increase of +he currerr in tke line with the emergencies cr the

repairs in any qlemqnts/ceils cf net.

The obtained on (8-1) section of conductor is rounded off before

the near.st standard secticn.

With thq useTables a-1 it is necessary tc be guided by the

" following:

1. With the maximum currant load in the night time econcmic

current density is raised y 4Jc/c.

2. For insulated wires by section 16 mm2 and less .conomic

current densities increase by 4Co/c.

3. For lines with identical section of ccnductors all over

lpngth and diffirent lcads ;6n izdividual secticns their (Fig. 8-1)

economic current density foz initial section increases in ccmpariscn

with values, iniicated ir lab l 8-1, K, cnce; in this case

coefficient of increase is aetezained frcm fcrtula

V /'1,, + I212 + '1-
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where I . current loads cf individual sections of line;

,.I...- length of the same secticns of line;

L- overall length Ct line.

Fig. 8-1. Schematic of line with different current loads of sections.

.

I
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Page 18).

Table 8-1. Maximum Pconczjc currea. density, A/mm2 .

J fls0AMNITebI§0Cm IjCI0ojbj0NaIwXj

Ifugcukuuo~a~oa . 'l~' 2

*raM IPOOAA a M...: %i
MCANe r ... .. 2. 2.1 1.82AMMMneme .- , ... ! .3 i.1 1.0

KadUH c 6yma Aol a npoeoj0a

e .. C) ...... 3.0 2.5 2.0
w .. uet . (9) . .. 1.6 1.4 1.2

(43)waea c Peanim.ao a ,acT-
Maccoo R3a~m C JfLUMN:

MeAu Mu .WJ . . 3.5 3. 1 2.7
uinuMuaeuuu . 1.9 7 " ,6

Key: (1). Designations Ct conductors. (2). resand time of load peak,

h. (3). it is mors. (4). Bate wires and tustars. (5). ccpper. (6).

aluminum. (7). Cablas from Fafer and wire with rubber insulation with

veins/strands. (8). coier. (9). aluminum. (IC). Cables with rubber

and molidd insulation %ita meins/strands.

Tabla 8-2. Avaragq number at use cz a peak icad fcr different

catagories of users and tranches of industry.

I.1I I I I I .. ..."' .........., . ..
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rbTPe6ui*AH C/)

170 KaMnOpu9A WnOrvipJeje (v
DBNyTPeNHee Ocelutenie ropo.os (.q). 1500-2500
Hapyeoe ocaeuj*H.e ropo o .. . 2000-360
noI.eniae npenpHivi pamouae:(.)

2) a OIo.y CWeHY h.............. 2000-3 000
S. , ,. .. . . . 3000-4500

3) am - . . 4 4 .. 500-7 000
M m e 'r 7y p rn qecx a . (R O , . . . . ..nax o t o m e u 6

V1Mae. j1 ........ ... ..... 650
6200I'.opmuas., *......... ;""" o

ym . ................... .. 000

rlueue . . .. .......... .. . 5 500
Teanurpaluqecx,,.(.) ......... "... 00
06y 16.... 'IU ..... .. .3000

J.Imum . . . . 2500
x0o dpad,,.ma .. . : ".: : : "...: : : 2 S

Key: (1). Users. (2). h. (J). On cdtegories Cf users. (4). Interior

lighting of cities. (5). zez.a.or lighting cf cities. (6). Industrial

enterprises, which wcrk. (7). ir cre exchange. (8). in two exchanges.

(9). in three exchanges. (10). Gn branches cf industry. (11).

Meptallurgical. (12). Chesical. 113). Mining. (14). Machine-tuilding.

(15). Paper. (16). Focd. (17). poliygraphic. (18). Textile. (19).

Shoe. (20). Woodworking. (z1). Cccling.

I.;

A'
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Page 190.

Table 8-3. Economic curreats zr tne uninsulated wires and cables, 4.

aw xou~ueCxKA TOW, a. apa qzcze ta cno .Cbh
Maviiu a emmmsa .a manE .cUmymn S rGA ()

nPODoas " a6CTael "" - ,,

(0) ftse. 5 O00f3) 3 M00-500 W "~ 3 O

0 ~H1uaoAUpoeaWuia npoaoda S

A-16 ./ 16 8 21
A-25 5 27 32
A-35 35 38 45
A-50 50 55 65
A-70 70 77 91
A-5 95 104 123
A-120 120 132 156
A-150 150 165 195
,-6 11 13 I5
,M-1O 18 21 25
M-16 29 34 40
M-25 45 53 63
M-35 63 73 87
\1 -50 90 104 125
M.70 126 146 174
M-95 170 (99 237
M-120 216 252 300
M-150 271 316 376

TpeXMUAbMe XaffeiU C if via~woa aO.Ajq4aez! (co
C .wedaNw xAa.u

3)(I0 20 25 30
3XI6 32 40 48
3125 50 62 75
3<35 70 87 105
3;<50 100 125 150
3X70 140 175 210
3X95 190 237 285
3X3 20 240 300 360
3X 150 300 375 450
3X 185 370 465 -

C aAvo.vuuweaag.I muzaxu()
3XIO 12 14 16
3XI6 19 22 26
3X25 30 35 40
3X35 42 .49 56
3X50 60 70 80
3X70 84 98 112

3X95 113 132 151
3XI20 144 168 192
3)(50 180 210 240
3XI85 222 260 296

.1

.-: ....__ _ _ ... . -. ._ - Y
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Key: (1). Brands and the secticn of wires and cables. (2). Economic

current, a, with total ncurs of utilization cf maximum per arrum.

(3). it is more. (4). it is leag. j5). urinsulated wires. (6).

Triple-cores cable oitt paper insulation with ccpper veins/strands.

(7) . With aluminum veirs/strands.

Page 191.

4. when selecting ct sec¢icn of conductcrs for feed of

series/row of uniform mutually reserved electrical receivers (for

example, pumps of water suiplj, ccnversicn units, etc.) by tctal

number n, if it is known tnat they all are nct simultaneously

switched on and by n, cf :nem alternately are iccated in work,

eccnomic density must te increased against nczms tatle 8-1 by

multiplication by coefficiant

The advisability ct an increase in the number of lines or

circuits over necessary in reliability ccnditlcns of power supply,

and also replacing the existing heavy guage wires with an increase in

the load for the purpose of the satisfaction cf the conditions of

eccnomic current dsnsity must De lased only cr the tasis of the

technical-aconomic calculaticns the procedure cf fulfillment cf which

is given in Section 10.
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To testing on the econcaic current density the y are not subject:
/

1) to thq net of irdustzial enterpris7 and installaticns by

voltage to 1000 into wizk the tcral hou s of utilization a lcad peak

cf enterprise to 4000-!CCO;

2) all branchings/zc the seiazate electrical receivers by

vcltage of up to 00 V, or lignting systems in the industrial

enterprises in the hatitale and kublic buildings, the checked for

the losgs voltages;

3) the net of tempc¢ary/tame installaticns, cr of

dsvices/cquipment with tie snort service life (3-5 years);

4) the collecting mains;

5) the conductors, that go tc resistances, starting rhecstats,

etc.

Page q2.

For the dfinition ci average total hours cf utilization a lcad
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peak in the absence of siecitied data it is pcssible to use given in

Table 8-2 tentative data both cn categories cf users and cn different

fundamental branches of industry.

Table 8-3 qives the values cz the current in the line, which

-nsures the greatest efficiency/cost-effectiveness of operaticn in

depanding on matarial and sec¢icn of wires and ccres of cables and

annual total hours of utili2adtAC cf a peak Icad.

Example to 8-1. Is required tc select cn the economic current

density the section of cable 6 iV with the ;aper insulation and the

aluminum vqins/strands cz the tied of wccdwczking plant with the

maximum current lcad 54P.

Solution. Through tables 8-i we find average tctal hours of

utilizatI.on a load peak for the %ccdworking industry: T=2500 h.

In the graph/count table 6-3, that correspcnds to total hours cf

utilizaticn ari less that 3000 for the cables with the paper

insulation and the alu.irum veirs/strands, we determine that the

economic current densit) will be irovided with the cable with section

3x35 mm2.

Example 8-2. Fig. 8-2 de~icts the sche'matic of aerial line of
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urban electric system 38C/i20 in, Eerformed ty aluminum wires with

the identical section all cveL lenyth of line.

It is necessary tc z.eiect tne secticn cf wires, which

corresponds to economic curLent density, with the tctal hours of

utilizaticn of a maximum are less than 3COO.

Solution. Wi determine the coefficient of an increase in the

economic current lensity rcr tne initial secticn in (8-k

0.8 + 0.04 + 0. I + .08)K, =- '.0.06 20 + 02'.0 4 .26'.0. i + 15,.O.05 . 1.2.

Economic current density icr the line with tha identical load

all over length we determine ct table 8-1 with the total hours of

utilization of a maximum lass 7nan 3000 for the aluminum hare wires:

1.3 AD/mmz.

For the conditions ci an axamile economic current density taking

into account the load distributicr alcng the line is equal tc:

1.,72 X 1.3-224 4jIuA4.

The economic secticn oi line we determine frcm (8-1):

F,-2. g - 43.7 .

We stop for the wirei cf line in the nearest standard section 50

SMM2. Tho section accepted must ce checked acccrding to the conditions[ 9 of hteating and lcss cf m¢Itage.

* \\
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C_ O0 ,. 4 04,. 4Jq.,j, 405,€.

Svc sze e Ma

Fig. 8-2. Schematic cf line fo example 8-2.

Page 193.

Example 8-3. To select cn the econcmic current density the

section cf cables with the paper insulaticn ard the aluminum

veins/strands on 6 kV, the t danj electric mctcis pumps. In all

pumping units three, frca which twc are ucrker, and one - stand-by.

Calculated currsnt of eaca canle b5a; total hcurs of utilization cf a

maximum cf the electric actcrs cf workiing pumps 4000.

Solution. Economic current density withcut taking ino account

the coefficient of an irczease icr the ccnditicns of an example we

determine on tables e-1: 1.4 A/zEu. The coefficient cf an increase,

which considers a number of worting and stand-by lines, we find frcm

(8-3). In our case of r=3 and n,= , and the ccefficient of an

incrgass is -qual to:

K,,1 V-- -,22.

4,
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Economic current density zaxang into acccunt 4he mode of

operation of pumping urits ccalrixes !.-.2e1o4=.72.

Economic sqction c± the catle

We accept for the catIes rear standard section 35 mm.

* I.

1' I
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section Nine

POWER LOSSES AND ELECTFIC PCWk IN ELECTFICAL NETWOBKS.

The losses of active kcwer in the secticn of electrical network,

made by the wires of identical seczion, are determined from tc the

formula

~a.N w-s(Na+N,)t.. (9-i!

* ty Key: (1). kV.

The losses of reactive pcwer an the secticn cf electrical

network with identical irductive reactance cf line are determined

* 1 from tha formula

1Qa iNx- 3(N;+, ). EDp. (9-2)

! Key: (1) . kilovar.

where m,- sum of the Iroducts ci the squares of resistive loads on

the lengths of the secticns oi net with these lcads;

* ,- sum of the products or the squares of reactive lcad on

the len.;ths of the secticas ot ret with thess lcads;

]
K"....__ _ _ _
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3 7t/

N - sum of the prcducts ct tne squares of full loads on the

lengths of the sacticns cf net b2za these lcads;

r and x - active ant inductive reactances cf line, /km;

4u- coefficient, cepnaing cn the system of the current and

the units accepted measurement.

Th. values of entexain foraulas (9-1) and (9-2) value N.N.

and N, coefficient ard units their measurement are given in Table

9-1.

Page 194.

Powpr loss-s in the rranszcrmer are determined from the

formulas:

the loss of the active jcweZ

AP,-slP.+& ,P..'. (9-3)

Key: (1). kV.

the loss of the reactive pcez

A
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aQ1-0 (I.. + U. ), sto6) (9.4)

Key: (1). kilcvar.

where Pa-no-load lcsa of tansicrmer (lcss in steel), kW;

Pn.&- loss the shcrt circuit of transfcrmer (ccil loss) with

rominal load, kW;

I,.*- running-light current of transfcrmer, c/o;

U,- voltage drc E in tbe reactance of transfcrmer, o/c;

s,- nominal Foufz of transformer, kVA;

S- load factor cf tad tacnsfcrmer;
S

where S - actual load cf transfcrmer, kVA.

Formula (9-4) for deterzining the lcsses of reactive power in

the transfcrmer can he represeated in the fcra:

KAQ,4-aQ,,+AQ. uaap) (94)
Key: (1). kilovar.

It
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wherq AQx.%- loss of react3ve Fowar in transfcrmer with the idling

(loss to the magnetizaticn), tre kilovar:

AQ , SL1 IP;

Key: (1). kilovar

AQ,-the loss of reactivE aissipated Fcwer in transformer with

thi nominal load, the kilcvar:

Key: (1). kilovar.

A voltage drop in the reactance cf transformer is presented

according to the formula

U = U, M2- U,.% (9-7)

where Un- voltage short circuit of transfcrmer, 0/0;

-U,-drop of transfcraer, determined fzcm the expression

aps.aUr -1t00, a . (9 )

For the transforme-s witn a kcwer ),10 of MVA it is possible tc
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accept UzU.

Values AN. %P,.. %Qt and WQo for the steF-dcwn transfcroers are

given in Table 9-2-9-6. Ia Taoles 9-2, 9-3, 9-5 and 9-6 level B of

the losses of active idle pcuar reiates to the transfcrmers in which

is used transformer steel witn the thickness cf 0.35 mm of brand E of

330 A according to GOSI 60-256 blta the refractory coating and the

annealing of plates. Tarle 9-A-$.4 gives the values of active and

rqactivi/jet resistances of transicrmers, the given with raspect to

the nominal voltage windiDgs VN.
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* Page 195.

Table 9-1. Values and units arfe tne measurement of the values,

entr-rin3 formulas (9-1) aiad 19-i).

Caca~ ygaCyNN8 nP UH31aeftH KIIAPaTCU N&rPylCa MA AAMMM YRaUTII AMOaN W~

a s-eepaN %MCPeHHN1  93M"M -

Tpex43aIrnwa Q £121 a. r&) r/ . 31-
nepemJetlbi a a' u£' ~ .a 310-' ~ a

EPIL camsa.$ xqn igoapla2 ) ESl I (~ r1- Ic

ra ,2) 10 S
ZPSL~I rn-u EQ'1 A11a.:P 2*tos ES11 Mfan'm - d

aepemetlHbIA at."0 ()
IZ- . .M !Ql1 ,ceapl r. xS': I -,--

U-

/6 £~1 P~ 2 -1 -

Key: (1) . System of current. (2) . !jum of prodircts of the squares of

loads on lengths of sect~cna ci linp. (3). Unit measurement. (4).

Thrpe-phase. (5). variaktle/alternating. (6) . km. (7) . kW2*km. (8).

(13). NVA 2 *. (14) . Single-jnasi variable/alternating. (15) Direct.
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Pages 196-197.

rable 9-2. Technical data of tic three-phasa twc-phase double wound

power tank transformers ct genazal/common/tctal sizing with a cf

25-630 kVA to the voltace tc 35 kV (GOST 12022-66).

On' (c 041-is) MOwLmHumCt$. soap104 O U.. -.- ., ..., COC "te.4r.,,. 6- e..n-o
NCOCT b. 4T 06. M rOK XO.1OCG.o. . m, e I K. 3.

%,) MTki;j 14 ( O4, "g 1.3. ."" .lKT"G11OC e U;KT' 1IO3 110" '

0) ypOse-K

25 10 Y/Y-0 0,105 0,125 0.6 4.5 3,2 96.0 152 0.80 0.95
10 Y/Z-I 1 0,105 0.125 0.69 4.7 3,2 110 152 0.80 0.95

40 10 Y/Y.-0 0.15 0.18 0.88 4.5 3.0 55.0 98.1 1,20 1,57
10 '/Z.- 1 0.15 0.18 1.0 4.7 3.0 62.5 99.5 1,20 1.59%

63 0 Y/Y,-O 0.22 0.265 1,28 4.5 2.8 32.3 63.7 1.76 2.53
10 Y/Z.- 11 0.22 0.265 1.47 4.7 2,8 37.0 64.8 1.76 2.57
20 Y/Y-0 0,245 0.29 1.28 5.0 2.8 129 290 1.76 2.8.
20 Y/Z,-l 0,245 0.29 1.47 5.3 2.8 148 302 1.76 3.00

100 t0 Y/Yr-o 0.31 0.365 1.97 4.5 2.6 19.7 40.5 2.60 4.05
10 YiZs-I 0.31 0.365 2.27 4.7 2.6 22,7 41.2 2.60 4,12
35 Y/Yr-O 0.39 0.465 1,97 6.5 2.6 241 759 2.60 6,19
35 Y/Zr-I1 0.39 0,465 2.27 6.8 2.6 278 785 2.60 6.41

160 10 Y/YS-0 0.46 0,54 2,65 4.5 2.4 10.4 26.2 3,84 6.69
10 Y/-1 1 0.46 0.54 2.65 4.5 2.4 10.4 26.2 3.84 6.69
10 Y/Z-I 1 0.46 0.54 3._1 4.7 2.4 12.1 26.8 3.84 6.85
35 Y/Y'-O 0.56 0.66 2.65 6.5 2.4 127 481 3.84 10.1
35 Y/h- 1 0.56 0,66 2.65 6.5 2.4 127 481 3,84 10.1
35 Y/ZS-1 0.56 0.66 3.1 6.8 2.4 148 499 3,84 10.4

250 I10 Y/Y.-O 0.66 0.78 3.7 4,5 2.3 5,92 17,0 7,25 10.6
1 0 Y;2- I 0.66 0.78 3.7 4,5 2.3 5,92 17.0 5.75 10.6
10 Y/Z.-II 0.66 0.78 4.2 4,7 2.3 6,72 17.6 5.75 11.0
35 Yiy.-O 0.82 0.96 3.7 6.5 2,3 72.5 310 5.75 15.8
35 Y/.-I1 0.82 0.96 3.7 6,5 2.3 72.5 310 5.75 15.8
35 Y/Z.- I 0.82 0,96 4.2 6.8 2.3 82.3 322 5.75 16.5

400 10 Y/,--O 0.62 1.0 5.5 4.5 2,1 3.44 10.7 8.40 17.1
10 Y-/A--11 0.92 1,08 5,5 4.5 2.1 3.44 10.7 8.40 17.1
10 XJY.-I1 0,92 1.08 5 9 4.5 2.1 3.69 10.6 8.40 17.0

35 Y.-O 1,15 1.35 5.5 6.5 2,1 42,1 195 8,40 25.4
35 y'Q-1 1 1.15 1.35 5,5 6. 5 2.1 42.1 195 8.40 25.4

630 10 Y/Y.-o 1.42 1. 8 7.6 5.5 2 .0 1.91 8.52 12.6 : 1,S
* 10 Y./.-I I 1.42 1.68 7.6 5.5 2,0 1.91 8.52 12.6 13,

10 'aYK-1 1 1.42 1.68 85 5..5 2.0 2,14 8.46 12.6 33.6
10 Y"Y,-O 1,42 1.68 8,5 .5 2.0 2 14 8.46 12.6 31.6
35 Y/Yx-O 1,7 2.0 7,6 6.5 2.0 .3.5 124 12.6 40.2
35 Y.'2- 11 1.7 2.0 715 6,5 2,0 23.5 124 12.6 40.2

Nutp. The conventional ce-ignatjons of the ccrnecticns ot windings

(GOST 11r77-65): U - star; i,,- star with the derived zero pcint;

,, zigzag with the der.vea clat; D -triengle.
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Key: (1). Nominal powc-_r , KYA. (A). Upper limit cf nominal voltage of

winding, kv. (3). Diagras ana qrcui of ccnnecticns cf windincs. (4).

Loss!qs of act ivq power, xa. (5). idling. (6) . level. (7) . short

circuit. (8). Voltage Ebcrt circuit o/o. (9). Running-light current.

c/o. (10). Winiing impedaacas t:aasformqr, ch. (11). active. (12).

rzactive/jet. (13). LcsEs cf reactive pcwer, kilcvat. (14). idling.

IAC
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Table 9-3. Technical sreci¢ icdticns of the three-phase double wound

power tank transfcrmers ci genezal/common/tctal sizing with a cf 1-80

MVA to the voltage tc 35 xV (GGCS 11920-66).

.. ) aKso e f$) I r?) TOE T IC pTbPa. norepn pratmic, a
U W k~O)C E aM (h) r

Tun, tpamuc. T I~ oicoro Xnj.3

K. - aI p,, 0 'I-. 0c)ro
y I 1- .I K.J.

TM 1.0 10 0.69 2.1 2.45 12.2 5.5 1.4 1,22 5.36 14.0 53.6
10 10,5 2,1 2,45 11.6 5.,5 1.4 1,16. 5.38 14.0 53.8
35 0.69 2.35 2.75 12.2 6.5 1.5 14.9 78,2 15.0 63.8
35 10.5 2.35 2.75 11.6 6.5 1,5 14,2 78,3 15.0 64.0

1.6 10 0.69 2.8 3.3 18.0 5.5 1,3 0.7 3.36 20.8 86.4'
10 6.3 2.8 3,3 16.5 5.5 1,3 0.64 3.38 20.8 86.4
35 0.69 3.1 3,65 18,0 6.5 1.4 8,61 49,0 22.4 102
35 10.5 3.1 3.65 16.5 6.5 1.4 7,90 49.1 22.4 103

2.5 10 0.69 3.9 4.6 25.0 5,5 1,0 0.40 2.16 25.0 135
10 10.5 3.9 4,6 23,5 5,5 1.0 0.38 2.17 25.0 135
35 0.69 4.35 5,1 25.0 6.5 111 4,90 31.5 27.5 161
35 10.5 4,35 5.1 23.5 6.5 1.1 4.61 31.5 27.5 161

4,0 10 6.3 5,45 6.4 33.5 6.5 0.9 0.21 1.61 36.0 258

35 10.5 I. 6.7 33,5 7,5 1.0 2.56 22.8 40.0 298

6.3 10 10.5 7.65 9.0 46.5 16.5 1 0.8 0.12 1.03 50,4 407
35 10,5 8.0 9.4 46.5 7.5 0,9 1.44 14.5 56.7 470

TIIM 1,0 10 0,69 2.1 2.45 12.2 5.5 1.4 I,.22 5.36 14.0 53.6.
* 35 0,69 2,35 2.75 12.2 6.5 1.5 14.9 78.2 15.0 63.8

35 II 2,35 2.75 11.6 6,5 1.5 14.2 78.3 15,0 64.0

1.6 10 0,69 2.8 3.3 18.0 5.5 1.3 0.70 3.36 20,8 86.1
10 6,3 2.8 3.3 16,5 5.5 1,3 0,64 3.38 20.8 6.4
35 0.69 3.1 3.65 18.0 6.5 1.4 8.:1 49.0 22.4 102
35 II 3,1 3.65 16,5 6.5 1,4 7.90 49.1 22.4 103

2.5 1o 0,69 3,9 4.6 25.0 5.5 1.0 0.40 2 16 25.0 135
10 6,3 3.9 4.6 23.5 5.6 1.0 0.38 2.17 2 .0 135

* 35 0.69 4,35 5.1 25.0 6.5 1.1 4.90 31.5 27.5 161
35 11 4.35 5.1 23.5 6.5 111 4.61 31,5 27.5 161

4,0 10 6,3 0.9 0,21 1.61 258

35 II 5,7 6.7 33.5 75 _ 1.0 2.56 22.S 40.0 29m- , - _ __... .___ .
6.3 10 9,0 465 6, , 0. 1,03 0 407

5 11 8.0 .: , 1. 4 ,1, 5 1 470



TAL 10 38,5 10.5 12.3 14.5 65.0 7.5 0.8 0.96 11.1 80.0 747
16 38.5 10.5 17.8 21.0 90.0 8 0,75 0.52 7.39 120 1277
40 38.5 10.5 33,0 39,0 180 8.5 0,65 0.17 3.15 260 . 395

T=LUJ 80 38,5 10.5 55.0 65.0 330 9 0.6 0.08 1.67 480 7192.,

TDJI 10 36.75 10.5 12.3 14.5 65 8 0.8 0,88 10.8 80.0 797
16 36,75 10.5 17.8 21,0 90 8 0,75 0.47 6,73 120 1277
25 36.75 10.5 24.5 29.0 125 8 0,7 0.27 4,31 175 1996

TM 1.0 6.3 0.525 2.3 2.75 12.2 1,5 0.48 3.14 15,0 79.1

TMH 6,3 90 3,15 8.0 ,4 46.5 8 0,9 012 1.26 56.7 502

iMk 10 36.75 6.3 112.3 14.5 I 14 0.8 1.14 18.8 8o 1600

TWC 16 36.75 6.3 17.8 21.0 o5 10 0.75 0.55 8.4 120 1600

TP.1 25 36.75 10.5 24.5 29.0 145 BH-HH 9.5 0.7 - - - -

----- rj)Meae 15

TP I 32 36.75 10.5 28,0 33.0 nio exn- BH--HH, 11,5 0.7 - - -
qeCaKH yc. -HH,--HH. He
405"IIM (~meJee 20

40 36.75 10.5 33.0 39.0 To *e BH-HH 18.5 0,65 . . . .

rig) Gme Meuee 14

63 36.75 10,5 48.0 55.0 280 BH-HHI U. .16 . . .0.6

uewe 20

N'cte. For the transfcrgezs Is:h that increased by the values cf

voltagms short circuits tne latter are calitrated temporarily.

4
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Key: (1). Type of transicrmer. (2). Nominal pcwer, MVA. (3). Upper

limit of nominal voltages oi aitdings, kM. (4). Losses of active

powqr, kW. (5). idling. 1o). level. (7). shcrt circuit. (8). Voltage

short circuit, o/o. (9). Current ct idle code, c/o. (10). winding

impedances of transfcrret, ohm. (11). Losses cf reactive power,

kilovar. (12) . active. (13). reactive/jet. 14). idling. (15). short

circuit. (16). not less. (l7). Acccrding to technical specifications.

(18). Thon.

* ,
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Pages 202-203.

Ta:le 9-4. Technical sfeciricazions of the three-phase double wcund

power tank transfcrmers cf genueai/common/tctal sizing in to 31.5 kVA

to the voltags tc 110 kV (GCSI 401-41).

Sep1uIt pe te4 r lor &pua.ro. 0r Torm.a- 06.c , .
11IMIah|OM'r 114- 04 1.2MO ac7N Ael sMp

Ho p.ee,.J b ao. ________ ______ pu .osil.. £.aplmxe. TO . ,j)OULocr-. .ap
1I1S Now.. I ' dIbi l .4e K. 3. % TI o3 A 2,

1oj),.A1,0 *I "I xonu ooroJ ) IrrYo e

0.005 6.3 0.4 0,06 0.185 3,8 5.5 to 294 323 0.50 0.20

0.01 6,3 0.4 0,05 0,335 3,45 5.5 10 133.0 173 1.00 0,44
10 0,4 0140 0.335 3.45 5,5 10 335 436 1.00 0.44

0.02 6.3 0.4 0.18 0.6 3,1 5.5 9 59.5 91.5 1.80 0,92
10 0.4 0.22 0.6 3,1 5,5 t0 150 230 2,00 0.92

0,03 6.3 0.4 0.25 0,85 2.95 5.5 8 37,5 62.4 2,40 1,41
10 0,4 0.3 0.85 2,95 5.5 9 94,4 157 2,70 1,41

0.05 6,3 0.525 0,35 1.325 2,75 5.5 7 21,0 38.3 3.50 2.41
10 0,4 0.44 1,325 2.75 5.5 8 53,0 96.4 4,00 2,41
35 0.4 0,54 1.325 2.85 6,5 9 649 1454 4.50 2,97

0,75 6.3 0.525 0,49 1,875 2.6 5.5 6.5 13,0 2.91 4.88 4.12
10 0,4 0,59 1.875 2.6 5,5 7,5 33,0 7,33 5.63 4.12

0,1 6.3 0,525 0,6 2,4 2.S 5.5 6,5 9.53 '19.6 6.50 4.95
10 0,525 0.73 2.4 2.5 5.5 7.5 24.0 49.5 7,50 4.95
35 0,525 0.9 2,4 2.6 6.5 S 294 740 8.00 _6.04

0.135 6.3 0.525 0.83 3.07 2,4 5.5 6.5 6.69 14s7 8.78 6,76
to 0.525 1,0 3.15 2,46 5.5 7.5 17,3 36.9 10,2 6.72

0.13 6.3 0.525 1,0 4.0 2.35 5.5 6 4.90 11.1 10.8 9,06
10 0.525 1,2 4.1 2,4 5.5 7 12,7 27.8 12.6 9.01
10 3.15 1.5 4,1 2,4 ..5 8 12.7 27.8 14,4 9.01
35 101r 1,5 4.1 2.45 6.5 8 155 414 14.4 11.0

0.24 6.3 0,525 t.4 4,9 2.17 5,5 6 3.38 8.45 14.4 13,3
IQ 0.525 1.6 5,1 2.25 5.5 7 8,85 21.1 16,8 12.2

0.32 6.3 0.925 1.8 6,07 2.05 5.5 6 2.35 6.40 19.2 16.5
10 0,525 1,9 6.2 2.05 5.5 7 6,05 16.1 '22.4 16.5
10 3.15 2.3 6.2 2,05 5.5 7,5 6,05 16.1 24.0 I0,5
35 10.5 2.3 6.2 2.15 6.5 7.5 74.1 238 24.0 19.9

0.42 10 0,525 2.1 7.7 1,96 5.5 6.5 4.37 12,4 27.3 21.8

0,56 10 0.523 2.5 9,4 1.8 5.5 6 300 9.35 33,6 29.3
10 6.3 3.35 9.4 1.8 S5 6.5 3.00 9.35 36.4 29.3
35 10,5 3.36 9.4 1.85 6,5 6.5 36,7 137 36.4 33.2

IIIIII I I -- . . ... * 1 . . . . . . . . ... ; : '". .
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0.75 20 0.525 4.1 11.9 1.73 5.5 6 2.12 7,02 45.0 39.5

1,0 10 6,3 4.9 t5.0 1.64 5,5 5 1.50 5.29 50.0 52.9
35 10.5 5. 15.0 1.7 6.5 5,5 18,4 77.5 55.0 63.2

1.3K 20 t 6.3 6.0 19.5 1.59 5.5 5 1.07 3,93 67.5 71.6
35 10.5 6.5 19,5 1.65 6.5 5.5 13.1 57,5 7.3 .85.6.

1. 10 6.3 8.o 24.0 1.47 5,5 4.5 0,74 2.96 s2.0 96.0
3 l.,1.5 .8,3 24.0 1.53 6.5 5 9.07 43.3 90,0 115

2.4 10 6.3 9.2 31.5 1.45 5.5 4.5 0.55 2.23 108 128
35 10.5 10.0 31.5 1.51 6.5 5 6,70 32.5 120 153

3.2 20 6.3 11.0 37.0 1,3 5.5 4 0.36 2.68 128 172
38.5 10.5 11.5 37.0 1.4 7 4,.5 5.36 32.0 144 221
121 3S.5 16.6 39.5 1.78 10,5 4.5 56.5 -447 144 334

4.2 1o 6.3 14.0 47 1.27 5.5 4 0,27 1.28 268 226
35 10.5 14.5 47 1.4 7 4,S 3.26 20,2 189 290

5.6 10 6.3 18.0 56 111 5,5 4 0.18 0.97 224 303
38.5 10,5 i8.5 57 1,3 7,5 4,5 2.69 19.7 252 416
121 38.5 25.5 62,5 1.67 10.6 4.5 29.2 273 252 385

7.5 38.5 If 24 75 1.25 7.5 3,5 1.98 14,7 253 557
121 38,5 33 77 1.58 10.5 4 20.0 204 300 784

10 38.5 11 29 92 1.2 7.5 3 1.36 11.0 300 744
121 38,5 38.5 97.5 1.53 10,5 3,5 14.3 '153 350 1046

15 38.5 21 39 122 1,1 8 3 0.80 7.86 450 1 134
121 38,5 50 133 1l44 20.5 3.5 8.65 102 525 1 569

20 38.5 11 48 148 1,0 8 2.5 0.55 5.90 500 2593
121 38.5 60 163 1.37 10.5 3 5.97 76.6 600 2094

31.5 38.5 it 73 180 0.9 8 2.2 0.27 3.75 693 2514
121 38.5 86 200 1,19 10,5 2.7 2.95 48.7 851 3301

Ill II.- -i .- . . . . .i ,-o
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Key: (1). Nominal power, MVA. (,). Upper limit cf nominal voltage of

windings, kV. (3). Losses, kb. 44). idling. (5). short circuit. (6).

Loss of voltage with nclinal lcad and ccs*=1, c/c. (7). Voltage short

circuit, o/o. (8). Runnivy-Iiat current, o/o. (9). Winding

impedances of transfcrwer, chin. (IC). active. (11). reactive/-et.

(12). Losses of reactive jcwer, Kilcvar. (13). idling. (14). short

circuit.

I; I
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Page 206.

Tabl, 9-5. Technical specimicazicas of the three-phase double wound

tank transformers of generai/common/total sizing with a of 2.5-80 5VA

to the voltagi to 110 kV wItA bib (GOST 12965-61).

Ho~,,ig..m~i CO9 e tanAp~e.G 06IO . J 11oepw. d ,M 9

T am Ol ? c0 OU&HGCTb. r. - -K . 3,. 7 Tocr zi..-._______ -*It "  ,,l ,,oSA 1  : *]*______
TIM 2.5 110 6.6; .11; 22 5 6.5 22 10.5 1,5

6.3 115 6.6; II; 22; 38.5 10 13 50 - 10.5 ...1.0

TAH 10 115 6.6; 11; 22; 38.5 14 18 60 10.5 0.9
16 115 6.6; II; 22; 38.5 21 26 85 10.5 0.85

TPAH 25 115 6.316,3; 10.5/10.5; 29 36 120 10,5 0.8
6.3/10.5; 22. 38.5

32 115 6.3/6.3; 10.5/i0.5 35 44 145 10.5 0.75
6,3/10.5; 22. 38.5

40 115 6.3/6.3; 10.5/10.5; 42 52 175 10.5 0.7
6.3/10.5; 22; 38.5

TP15 63 6.36.3; 10.5/10.5; 59 73 260 10.5 0.65

6.3/10.5; 22; 38.5

80 115 6,3,6.3; 10.5/10.5; 70 89 315 10.5 0.66,3/10.5; 22; 38.5

NotP. Transformers with split bindings have the power: VN - 1000/0,

HH1 and HH2 - on 50o/o.

K y: (1). Type of transzcrmer. (2). Ncminal cw:er, r.VA. (3).



DOC 80040309 FAGk .r

Combination of voltages c¢ findogs, kV. (4). Lcssas, kW. (5).

idling. (6) . levql. (7). shert circuit. (8) . Vcltage short circuit,

c/o. (9). Running-light current, a/o.

I.

I
I .. . .l l l ,
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Page 207.

Tabli 9-6. Tzchnical speciiicaticns of thi: three-phase triple-wcund

tank transformers of g-neral/cczuon/total sizing with a of 6.3-80 MVA

to the voltage to 110 kV wira bib (GOST 12965-67).

Coqe~ug uupam~mg OT41eW. man 4
Tan rpawcpop. -oU1111.7b n 1____ XS., ,,) Tait xo4o_____-

I) ()I i yahhMUKiOCTU. - I T aftxao.It111 IL Jk Yk, 4 7

TNITH 6.3 115 22; 38.5 6.6; It 14 17 60 1,2

T.,TH t0 15 22; 38.5 6.6; 11 19 23 80 1,1
16 115 22; 38.5 6.6; 11 26 32 105 1.05

T.TH 25 11S 11 6,6 36 45 145 1.0
22; 38.5 6.6; 11

40 115 If 6.6 s0 63 .230 0.9
22; 38.5 6,6; 1I

63 '115 38.5 6.6; 11 70 87 310 0.85

TAUT 80 115 38.5 6.6; II 82 102 390 0.8

Note. 1. Each winding is designed xor complete nominal power of

transformer.

2. Voltages short circuit tetheen windings: VN SN 10.5o/c, VN-NN
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390

- 17o/o and SN NN -6o/o. For transrormers with a power of 16, 40 and

MVA the voltagqs short circuit can comprise: VN SN 17o/o VP NN -

10. 5o/o and SN NN - 6o/0.

Key: (1). Type of transicrmer. 2). Nominal Fcwer AVA. (3).

Combinaticn of voltages cr windings, kV. (4). Tcsses, kw. (5).

idling. (6). l-vel. (7). shcrt circuit. (8). Funning-light current,

c/o.

if, j
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Paqe 203.

For other nominal vcltages of windings the resistors/resistances

ars recounted acccrding tc tha ioraulas:

RI ', UU-R
.' - )-- R. J,.;

Key: (1). ohm.

where U. - nominal voltage of winding, indicated in Table 9-2-9-4,

kV;

U's - nominal voltage ct wi.ndiaLa, with respect to which are recounted

resistors/resistances, kV;

R and X - respectively active and reactance of transformer,

detarmined on tables 9-i-9-4, cbms.

The losses of electric power in the net are determined frcm to

the fcrmula

L

A
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K ?Y: (1) . k -h.

wher- LP. - greatest pcxr loises in the nzt, kW;

S- number of hours or maximum losses, determined in depending

on thi annual graph/curve ot Icad.

The losss of electric power in the transfcrmer are determined

frcm to the formula

+ P,,.: , -,,(9-10)

Key: (1). kW~h.

wher t, - number of hcurs ct the work cf transfcrmer.

A number of hours cf maximum Icsses, if is known the annual

graph/curve of load, can ze d.termined according to to the formula
• ZS:( ,/0Iod

=7 -. zOO. (9-tt)

Key: (1). h/year.

wherp zS~t - sum of the iroducts ci the squares of full loads on the

annual duration of e3ach ct k=a, calculated tcr entire annual

graph/curve of the lcads cr tie element/cell cf the net in question;

A

" .. . . . . J,.i'""- -tak ,, - .. ""-.-
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Sa- greatest full loaa o the element/cell cf net.

For the typical grapn/curve, which has the lowered loads at

night and morning and evening maximums, rumter cf hcurs of the

maximum losses accordir to ddta c institute Energoset'proyekt

C All-Union State Planning, Surveying and Scientific Fesearch

Institute of Power Systems and Eiectric Eewer Networks] in depending

cn total hours of utili2at2cn cr a maximum car be determined on

Tables 9-7.

Example 9-1. To determiae the annual losses cf electric power

in the transformer of the type 1T! bith a power of 6.3 MVA with the

voltage of the highe st side 10 £V, if transfcrmer is connected

constantly and the annual grapb/curve of its lcad is represented in

Fig. 9-1.

Solution. The annual losses of electric Fower in the transformer

we determine cn (9-10).

Throughtables 9-3 we zind the losses of active power in the

transformer with the idlinj for the levql B:
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AP'-9 k

and lca1 losses (loss sncrt circult) with the nominal load of the

transform er:

&P.,3-465 kW.

Page 209.

According to the ccnditicn of an example an annual number of

hours of the work of the transfcrmer

4.-8760.

The load factor of transfcrmer with the full Icad comprises:

4,5F- - ~- o,7I5.

A number of hours cl maximum losses we determine from the

graph/curve in Fig. 9-1, after sutstituting ir (9-11) the values of

the loads of transformez in megavolt--amperes and the corrispcnding

to them operating times in thousands of hours:

4,5''2.5+35't.3,5+.51'5+075S26 0 4 h,

After substituting rumarical values in (9-10), let us determine

annual energy losses in tna transfcrmer:

A-9 .8760+46,.5.0715.48&0I 3 8 0 k8o ,•J

Example 9-2.
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210031 500

0 200 40We oa 000 K)

Fig. 9-1. Annual graph/curve ci load for examule 9-1.

Key: (1). kVA. (2). h.

AAS-.7'7 Iit!/4
A I

4.72 451 432 4

Fig. 9-2. Schematic cf line for example 9-2.

Page 210.

Fig. 9-2 depicts the schematic ct line 6 kV with the indication of

the lengths of the secticna cf lina (ka) and calculated (greatest)

loads (MVA). Main linq AL is made ty cable with the aluminum

* veins/strands by secticn J370 ma2, and branchings By and BG - by

aerial line with the alunuaum wires by secticn 35 m02 .

A
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To determine thq anaual losses of electric power in the

resistors/resistancqs cf wires and cables of line, if the annual

demand time of load peax is 3000 a and the graph/curve of loads is

typical (are morning ard eveniug maximums and dropping of load in the

night time).

Solution. The greatest cwex losses in the resistors/rasistances

of wires and cables cf tha line we find through (9-1), in which the

value of coefficient a3 is determined frcm Takle 9-1:

-- -27.80

The specific resistcrs/resistances of the sections of line we

find through Tables 5-1: tor tea aluminus cable by section 7C mm2 -

0.46 Q/kin; for tho aluiirum wire b) section 35 mm2 - 0.92 Q,/km.

We determine the value ct value N fcr -the main line AB:

NA a- 1,4 .1 + 1.16.,5 +0.6.1. 2  4.64 .1V A 2 k m

for the branchings BV ard BG

N e+r) =0,18. 2,3+0.13..0.,105 N IVAz eka.
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From (9.1) wP find tai greatest power lCSses in the nqt:

,IPG- 27.8(4.64 - 0,46+0,105 • O,2) -8 ,2 x.

On Tables 9-7 in de~anding on the demand time cf maximum T=3000

h we find thp value cf a numbet of hours of maximum losses r=1300.

The magnitude of losses cz electric pcwer we determine on (9-9):

A4-862.1 300-112000 'Aoe.
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J±abla 9-7. Number cf hcurs cf maxisum lossas.

er) C.1o 4LCOG HCflO.1b3O6S]IIU4 MflKCN-
yma .. . . . ........ 13000 3500 4000 4500 5000

42)L4c.io 4acou %aKCH.IbHbx noep h 1300 1650 2000 2500 3000
L4uC.ao 11aCOS INCn .,b3OSHHq MaKCH-

myM . . . ,.. . 5 500 6000 65 W 7o000 75 0
®14,iwc.o %taxc~amCwIbHbIx norepb 3 650 4 300 5 000 5 700 6 450

K~y: (1). Total hours ci util.Lzaticn of a maximum. (2). Number of

hours of maximum losses.

.1
.1
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Page 211.

Section Ten

TECHNICAL-ECONOIC CALCULATICNS.

Economic indices are decisive during the technical-economic

evaluation/estimate cf tha versicns of the execution cf net.

Whan selecting cf versicn must also be analyzed natural

qualitative indices (energy lcsses, the expenditures of nonferrous

metal, atc.), moreover in the case of the@ equivalence of versions in

the relation to cost indices ireierence is given up tc version with

best qualitativq indices.

The technical-econcmic evaluation/estimate cf versions must be

conducted in accordance %ith tte "procedure cf the technical-econcmic

calculations in power engineering", affirmed ky the resoluticn of the

state Committee of the Ccuncil cf rinisters cf the USSR on science

and technology on 12 Octcber 1566. During the evaluation/estimate of

comparative -ifficiency/ccst-effectivaness of twc or several versicns

for aach of the compared versicns must be determined the overall

value of expenditures.
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To most economical %ersicn corresponds the smallest value of the

expenditures, deta.mined accordin.4 to to the fcrmula

3-p.(+M. py6.. el) (10-)

Kay: (1). rub.

wheri Z - an ovarall value cf expenditures, rub;

I- annual expenses of cferation, rub;

P - standard coefficiert of effectiveness which for all

calculations in the field cf kcwer engineering they take as the equal

to 15;

K - capital investments, rzu.
- I

*In annual opera'ting expenses I are included the depreciation

allowance (expenditures for rencvation and ma4cr overhaul), the

cost/value of the losses of electrical energy in the net, the

straight/direct pay of wcrxers and employees, maintenance cost,

deductions to the social insurance, the cverhead expenses, etc.

Annual operating expenses tcr the slectrical installaticn can he

'Ik

mlm| I A
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determined according tc to the formula

H- (p,+p.+p.)J+Co. py6..() (10.2)

Key: (1). rub.

where p, - coefficient cf annual ueductions to the renovaticn of the

installation (renovaticn - ccmFle e restcraticn/reduction of

installation after the ai-cnazge of the period of its service);

- the same to the ma-or cvezhaul of the irstallation;

pe.- the same to the straight/direct expenditures/consumpticns on

maintanance/servicing aEd iouttai repair of the installation;

C*-- cost/value of the losses cr electrical energy, rub.

Taking into account (10-i) the expenditures can be represented

the fcrmula

3-pK+Ca. py&..,) (10.3)

Key: (1). rub.

where p - total annual deaucticns from the fundamental insertions

(capital -3xpenditures) :

p-pa+p,+p,+p.. (10-4)

Depraciation allcwarca to the renovation to the moment/tcrquq cf

their consumption according to the straight/direct destinaticn on

this object can bc used in ct tr sict.ons of rational economy.

... - - , , , .. . .A .. ..,. . " ; '
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Page 212.

Tab13 10-1. Normus of depraciazica allowance fcr tha constructions of

pcwcr transmissicn, Fower aiectiical equIipment and distributors.

~IIHiucuaHIe coopyntexh* H 5156- ubhiUl

A331yz14Ie THNU qAexTpoaepea E I
\~Ha meT.t1.4eCK12c it eA^ezoW6erHHuX 000paX

(V)3 22 tce(Pj .. .. .. .. ....... 2.5 1.0
35-160 xa0.. 2 0.8

/A 220 xo it abte 441 . .. ........ 1. 6 0.64
v2 Haortopa 3 riotamA apevecifftb C MKe-
.le3o6eTQCKHbIMII 1npIltICJMI4
QHanpeiinene:

Mz 22 KaM.. .... 3.3 2.0
35-160 ic i).... .. .. .. .. . . . .64 1.6

Ha220 ics it Swwe..............2.11 1,29
3. 7 H npax 043 DPOJIJITOJJMOA .peC911s

(IHanpiues
(bao 22 KeM . ... 4.12 2.5
H35-160vrd. . . .. ......... 3.3 2.0
H2otopix 113 Henpornitam~oll apesemm~h

Mao22ic 6). .. .. .5,15 3.13
35-160 r d). .. .. .. ....... 4.12 2,5

(I'I' Waeahntue AM1111111

flpo~io~4emnwbe 5 3eLie aI noA saog~f ~
®Hanp510II 2.5 0.5

35acsp~elebl~ croca 3.13 3.0
K8 2,0 0.25r~eA

9 3(OT. o~nocixei

'gD3 eM .5 2.0 96.
, 4  5 ,, CD O. .. .. .. .... ........ 35 206

a o 10 tO 0 .... 6.5 3.7

4Et~e 1Ore sa . ... . . .. . . . . 3.8 3.6

LI
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Paqr- 213.

4?]M oUUWob:
DO10KdM~ , 4,44

W 100 ue 160 rum3.8 4.32
(Wy &SeTVo11BNraTejia lPM Pad5ole

9arpeccHBsaolk cpeae, BiPS BhCOKOA
Toxneparype, B yc.IoDefl floshiweHm~Ax

mJ~aWftRocTU a arpxaueuaocTu

a a oaly crany

AAO10 ISM9.75 4.44
W" Jl 10 m5.7 4.32

d~.2oma a Ase cuesbi
~~ouNocTh;

9cab~e 00 ;W te ) 5.

,wOUMM: 9,75 6.65
8'C8,W0e0 cM ().......... .. 6.48

(.)leAIJ19 u"-remepaToyu

:9=oi 5 OAI#Y CMWHY
)C ('POCT b Spuem a

TA; 500 od/jw:N 3,3 2,8
,~500 o6AURn Rt Sume)...........50 2,8

(~2P6oTam a zee emCI4U

500o~juz' a ww........... .3. 3.5

AL-Paftu3 Tpi cuenba
eCOPOC11. epa=e0~~ .

* Key: (1) . Designation cl constructions. (2) . Ncrms of damping, 0/o.

(3) . to renovation. (4) . to uajczr cverhaul. (S) . Air electric power

1in~ps. (6) . On metallic and reinrozced ccncrets supports.()

Voltage. (8) . to. (9) . xV 110) . KV are abova. ( 11) . On supports f rom

9iM~ragnated wood with reinforced ccncrete attachments. (12). On

suFports from impregnated wood. (1j) . on suFpcrts from unimpragnated
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wood. (I4). Cable lines. J15). Laid in earth/grcund and under water.

(16). Laid in location. (17). !cwer electrical equipment and

distributors electric ffctors. (18). Work in cce exchange. (19).

Power. (20). kW. (21). i* is aura rhan. (22). Work in two exchanges.

(23). Work in three exctanges. (24). Electric mctcrs with work in

agreisive medium, at high temperature, under conditions for those

increased of humidity and clciuzioa/contaminaticn. (25). Diesel

generators. (26). Rotatacnal sieed. (27). r/.min. (28). r/min are

above. (29). Control inztrumentE and devices/squipment.

In connection with this the coefficient cf deductions to the

r9encvaticn should be determineu ircm the formula

(I + p)P _ I

where pv' - coefficient cf d ducticns to the renovation, determined

in accordance with ths rms cf depreciaticr allowance in t.e fixed

capital for the naticnal eccncmy of the USSE", affirmed by the

resclution of the Council of Ministers of the USSR of 1 September of

1961 (Tabla 10-1).

.1
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Pages 214-215.

Table 1,)-2. Yearly deductions ftom the fundamental capital

investments, 0/0.

- 1a~a CaVt9..H

NOCM Ro Pq '

(q? )5O3-4YUW0~ AINIIIII34e)Tpocepejaq5

(IHa.. (............ ........... 15 0.06 1 200 18.06

35-160.m. .... ..... .... ..... 5 0.01 0.8 0,411.0)0 16.01 {16.81)

Mo ce ame (.A . . . . . . -i 0 .64 0.36 (0.76)0 16 (16. I)
220 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ' lbeL\................S 0 06 016(0.46j) 15.8 (16, 0

'2. Ha onopax 113 flpoflhIT3HHOA APOeKIIWbl c -e.ie3ode.
,,Hbm&it llpticTasKamnl
fJ.anptwelite'
'Jo 22 Ke *d 15 0,22 2 3020,22

35-160 #,V - .. . . . .. S 0.08 1,6 0.901.4)0 17.58(18.08)

Ls )) 2' . bImwe Q . .. .. . . . 0.02 1,28 0,72 (0.92)0 17.02 (17. 22)
1 a ;fOpX % nponitarni Aptecsttu

o 22 Ko I5 0.52 2.5 40 22.02

Ha, 35--160 ia(........ .... 5 0.22 2 4"* 21.22
(4. HOaaX 113 urnfPOMhIUaNMOR a1pe~eCfHWb

'(/.Io 22 K I.. .......... . .. .. .. ... 15 1.06 3.13 404231

35-160 re........... . .. .. .. .. ...... 15 0.52 2.5 40 22.02

4')Ke Ue nw

0 10 4&Q ..... .. .. .. .. .. .. .... 1 0.06 0.5 2"0 17,56

35 oMi.................. 0,18 1.0 18.1IS
X8 11 bi. bae '. . . . . . 1 0.01 0,25 20 17.26

2.r ooweaimb a flOMeLLe"11hi
&HUaPSAefrne:2*

GA 0 Q.. .. 1 0,01 0.4 2"17.41
35 me ... .. . ............. 0.06 0,8 2"* 17.86

tAokw.a.oSOe aMeKT poyel NMI3c KOo o~opyaosmite.
paczpe.AA~jbtUUO ycipoAcisa u oocTatIAII

"0 '1n20 c~.. .. ..... .... ..... 1 0.22 3 4ee 22.22
_5I 0 .. ... .... ...... is 0.22 3 2' 00.22

220 %a awe(o... ..... ...... 15 0.22 3 19'2

4Po *eJI6 3jne'crPoismra-remi.1~ 9 0i: oi'
pA01
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Pages 216-217.

Continuation Table 10-2.

2.a6ora a s e cienu

Zo 100 SmO.. .. ... . ............. is 1.98 3.7 40'" 24,68
/,, ] cDeJue 100 ....... ................ .. .... s 0,39 3.6 3,50* 22.49
( .. 4a6o a a 8 p . CMCHbi

IAIWAOCTb*
(U.ao 100 .5... .............. .. 1.98 4.44 5"0 26,42

abcswe 100 icm ..... ............. is 0.39 4.32 4.500- 24,21

0%x8aeKTpo.airaTeiu npsi pa6ore a arpeccHaaof
cpete, UPH SWcoKo TCmnepaType. a yC.IoalaIx

0oSJ eldHHbIX JalaaHOCTH H 3arpI3HCHeHxoTH

adoa a oay cueffy

10o 100 St .. . . . . ....... 15 4.69 4.44 - -
amwcabe 100 oncam ............... ... 5 1.41 4.32 - -

"'2. . m'a s Rae cuembi
t _MOW"OCTb:

0to 00 .am . .......... 15 4.69 5,55 - -
S cLuMe 100 am . ............. 15 1,41 5,4 -

.oTa 5t TP eMetat
iio-,scTtub:

AO 100 .am . . ................. 15 4.69 .6.65 - -
cauuwe 100 gam WN. .. ............. .15 1.41 6,48 -

t. Pa6oTa a OHY cuety
SOPOCrb Bpa~u.eHH 022 2.

1A0o 500 Or/AWH ...........,............ 15 0.22 2.8 --

,. 500 06/Ma.lt H awe * ........... ..... 15 0,97 2,8 -

ad=~ a ae cuetibi
r .opocu spawe..&,
el 500 Sl HUH .. ........... 15 0.22 3.5 -

e,)7y 500 05/Mal Ha abw.e .... . ........... 15 0.97 3.5 -

P3. Pa0oraa Tpit cueHbi
,,KOPOCTb epaemi..2 4.2

(.)1 o 500 !.1 , . . . 15 0.22 4
. \ 500 o/.,m . auwe .. . 15 0,97 4.2 -

k'PeryAlspy oWe 1pu6opw * ycTpOACT3 ........ .... 15 4,92 2 300* 24.92

Key: (1). Designation. 2). STaadard coefficicnt cf effectiveness.

(3) . Depreciation allcidrcas. (4) . Expenditures for operation and

routing repair, (5). In alk. (6). renovation. (7). major cverhaul.
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(8). Air electric power lines. (9). On metallic and reinforced
(13). kVJ, p above).

concrat, suppcrts. (10). Voltage. (11). to. (12). kV. (14). On

supports from impregrated wccu witn reinforced concrete attachments.

(15). On supports frem impregnated wood. (16). Cn supports frcm

unimoregnated wood. (17). Cabl. liaes. (18). Laid in earth/grcund and

urder water. (19). Laid ir Iccatic¢. (20). Pcber electrical

equipment, distributors and suostations. (21). Electric motors. (22).

Acrk in one oxchange. jz3). Ecwer. (24). kW. (25). it is acre than.

(26). Work in two excharSes. (27). Work in three exchanges. (28).

Electric motors with wck in aggressive medium, at high temperature,

under conditions for thcsa increased of humidity and

pollution/contaminatior. (29). Laesel generatcrs. (30). Rotational

speed. (31). r/min. (32). rasin are above. (33). Control instruments

and devices/equipment.

Notss: 1. D~pr~ciatioa alicwarces are given in accordance with

"The norms of depreciaticn allcuarce on the fixed capital for the

national ?conomy of the CSSBA, aftirmed ty the resolution of the

Council of Ministers of tae US5 zcm 1 Septeater 1961 No 802 (they

are put into operation ircm 1 January 19E3).

2. Values of deductions ior renovation are determined in

accordance with "Proceeuri of tecnrical-eccncsic calculations in

power enginqering, affizmed y rasclution GA cf Council of Ministers

A
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of U:3SR for science and tachncicgy on 12 October 1966.

FOOTNOTE 1*. Values of deaucticns fcr maintenance/servicing and

routine repair accordinj to the data of VGPI Energoset'proyekt. For

the metallic and reinfcrced concrete supports in the numeratcr are

shown the valuqs of the deducticns for single-circuit, in the

dqncminator - for the tuia-circuix supports. In tha brackets are

given the corrqsponding values rot the areas with the contaminated

atmosphere.

2o Values of deducticns tot uainraance/servicing according tc data

of Giprokcmmunenergo.

3. Values calculated fcr mainrenaace/servicing are given within

limits, indicated in ( 21.

Page 218.

The coefficients ct toe annual deducticns to the renovation, the

major cv.rhaul and the sainrenance/servicing fcr the lines of

elect-rical networks in the dependence on their design for the
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transformer substaticns, distzitutors and power electrical equipment

are qiven in Table 10-2. Ln this table the values of the deductions

to the renovation are calculatea according tc formula (10-5) and data

cf Table 10-1.

In general in the iresence of structural members with the

different valuis of total annual deducticns expenditures are

determined frcm to the craula

3-XpK+C,. py6.0() (10.8)

Key: (1). rub.

During the determinaticn of tctal expenditures for the object

whcse construction is realized ca development stages, it is necessary

to prcvide for bringing all exienditures up tc one moment/torque of

the development of object.

The reduced expenditures arE determined frcm to the formula
T

3m 31a. PY6. *a) (10.7)

Key: (1). rub.

where a - the reduction coefficient, equal tc 0.87;

T - number of years of the calculated develcpment period of the

cbject;

W Ill .... 1 11
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3,- expenditure cf the t yedr the development of object, rub:

3,- (SpK),+AC,,, py6. (10-8)

Key: (1). rub.

In formula (10-8):

(!.Ph),- the yearly deductions tzoA the leans, inserted in the object

in the t yar, rub;

C3,,- change of the ccst/value Cf losses in the t year in

comparison with (t-1)-th year, rub.

For the first year the operation of object by AC., should be

undprstood thc total ccst/valu; of the lcsses of electrical energy in

this year.

The cost/value cf tha losses of electrical energy is determined

frcm to the formula

C.-6(arAP.,+1MA). py., (10-9)

Key: (1). rub.

where AP. - greatest lcsses of active pcwer, kW;
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AA - annual losses ci el.czrical energy, k~eh;

K. - coefficient of the ccincidence of desigE load cf the

proj-ctad/dqsigned cbject witb tne maximum cf the power system; it is

acceptel in the dependencs cn irs jraphs/curves cf the load cf

objact, and power system (witn the coincidence cf maximums K.=I);

- thk specific exeanditures, caused ty the need of axFanding

the power plants for the comienzation for power losses, rubles/kW;

- specific expenditures tar the expansion of tha fuel

resources for mining suFlementazy energy and on the payment to the

Frime cost of its consum 1cn/-rcduction/gfneraticn, ruhles/kk-h;

6 - coefficient, %hicn ccns4ders an increase of the cost/value

cf electric power in the dependence on the distance of this cbject

frcm tha power supply.

Values a and for dizfarunt kower systeKs of the USSR for

1970-1979 ar- given inTanles 1C-3.

Page 21).
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Tha valu-s of ccefficaant d ror thA t~ntative calculaticns can

be acceptqd within the limits:

#ets by the voltage are 11C kV and are higher ... 6=1.05-1.1.

Nets 6-35 kV ... =1-1.2.

Nets to 1000 V ... d=1o2-1,3.

Formula (10-9) for determsiin the cost/value of the losses of

electric power can be ai.so represented in one of the following

versions:

c -VIAP , PY6 ; (10(l-10)

C,-yA. py6.. (0.11)

Key: (1). rub.

wherq T, - a cost/value cf I xW ci the greatest lcsses of the active

po wer:
,-(,,+ 9k), pyl .U) (10-12)

Key: (1) . rubles/kWI.

Y2 - cost/value 1 kWih ox thc losses of the electrical energy:
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Taura(+ F). py6/Eam.'; J~) (10-13)

Key: (1). rubles/kW-h.

- annual number cf hours ci the maximum losses of active

po wers

Example 10-1. Ic make tne technical-economic compariscn of

twc versions of ths develcaent of distributicn network 10 kV of the

city district under the toiicwinq conditions.

Total cost/value cf tae zeccnstruction cf the net of 90 thousand

rub.

Yearly deductions from capital investments p=0.1756.

Value of the calculated develcpment period of 3 years.

The 1st version. The reconstruction of net is made

simultanqously in the first year oi calculated pericd. The yearly

cost/value of the losses or electrical energy fcr this version

comprises:

1st year - 8 tncusana rut; the 2nd year - 8.5 thousand rub;
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the 3rd year - 9 thousand rub.

The 2nd version. The rtcciistruction of net is realized during 3

years with ycarly investsants of 30 thousand rub. The ccst/value cf

the losses of alectrical entrgy in this case comprises: the 1st year

- 11 thousand rub; the 9nd year - 10 thousand rub; the 3rd year - 9

thousand rublos

r l , , ,, , , , i i i. ,,
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Tabl~s 10-3. Values cf values a ana 0, entering the formula of the

cost/value of the annual iosses oi electric pcwer for different areas

OES to 1970-1975 (accordony tc the data institute Energoset'proyekt).

ten Uexpa. tOrn, Cescpo-3anaia. 3a uxaabs,
owoamcbs R Ypaua . .... ............. 24,17 0.469.10-0

) 03C Alambuero Bocmroa 2 3 6n,,a.n. ..... ... 28.6 0.294.20-'
tD0CCPemAe A3,, ................... 20.65 0.223.10-l

LJ~eizrpW~buoA Codups a Ceincpsioro K2aux-
cim.. . .. . ................. 25,36 0.075.10-2

Key: (1). Area. (2). rucles/kw. (3). rubles/kieh. (4). OES of center,

south, aorthw4'st, Transcaucasia, Volga area and Urals. (5). CES cf

Far East and Transbaykal. (b). CBS of Central Asia. (7). OES cf

central Siberia and North Kazakhstan.

Pago 220.

Solution. Accordirg tc formula (10-8) we determine expenditures

for the first version:
3,- (0.1756.90+8) .0,87+ (8.5-8) • 0873+ (9-) •0.87-

-21.S ruc py6.; (1)

Key: (1). thousand of rut.

for tha second version
• * ~~~~3. (0.1756.30 +11 ).•0.87 +(0,1756" 30+ (10-1- "0.87, +

+10.1756.30+(9-10)1.0,873-20,1 TrUC. py6.()

Key: (1). thousand of rut.

.1
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The second version, wnicn foresees the insertion of means in the

reconstruction of net tj equal Ecrtions during 3 years, proves to be

more economical.

Example 10-2, To detaerine the cost/value of the losses of

electrical energy in distributicn network 30 V of the industrial

enterprise, which obtains tea tics OES cf Urals, for the following

values of a number of hcurs or tha maximum losses: TI=2500 and

r2=5)00, if ths annual Icsses cf aioctrical energy in the net

comprise:

m=aoooo k\'.)h and K.-i,

Slution. The cost/value of the losses cf electrical energy we

dctprmine from formulas 110-1j)and (10-11). Through Tables 1C-3 we

find for OES of Urals the values of coefficients of a and 0:

am24.17 py6%.aT; )
0-0,469. 1O-' elxer. # (I)

Key: (1). rubles/kW. (2). rubles/x~eh.

After accepting the values cz coefficient 6=1.3 let us find:

for a number of hcuzs of the *aximus losses r,=2500

1 =, 1,3 . + 0,469.-- 0,0186 py6/rem.,;

C,- 0,0186 8000 - 14 900 py.;, -
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Key: (1). rubles/ki.h. (i). rub.

for a number of hours cz tae losses v2 =5CO0

124.17-1 ooi• ,=1.3 (-T - .+0,46%-10-9,=0,0123 polm1

C.=2 0,0123. 8 00 9830 py6.(D

Key: (1). rubls/kah. r.)- zut.

'II
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Tabla 10-4. Cost/value cf Lae ccnstructicn 1 km of aerial line to 1

kV (without the cost/valte of waras).

(A) P39OHN CCCP M
I /,J (o) CTCMOc~b.

K cno roaofiaey y 1anopy Y6-

nelipa

.felpe ue oziopu c [-Ipea .iuii I-l l-iV 912
Ii Ii-IV 973
IV I -II-IV I 230

2egaSIllle ohlop. C )Ke.e3o6eTOH- I-11 [-IV 946
MI 11pUCT;aaK.Ji.i III II-IV I 024

IV Ill-iV I 301

)I 6C3O: THWe oopw I--i I--l 843
iII nI-iv 897

Kay: (1). Constructicn/design ¢r suForts. (2). Areas. (3).

Cost/value, rub. (4). cn ice-covered surface. (5). cn velocity head

cf wind. (6). Wocdea stiforts birn wooden attachments. (7). Wcoden

supports with rsinforced coacrdze attachments. (8). Reinforced

concrete supports.

Page 221.

Table 10-4-10-14 gives the enlarged indices of the cost/value of

air ard cable lines, trarszcruer substations, distritutors and

capacitor banks 1.

FOOTNOTE 2. The enlarged indices ard values during calculaticns must

A



.o .. o . . ., .... ....

DOC 800L40310 FAGF, 4M~

K be corricted cn the operazing prict lists. ErFCCT4CTE.

Tables i0-4 and 10-5 are comprised according to the data of

VMtptset'el~kt~o, rpemainn tatles - acccrding to the data of the

Rostov Dqpartmnt of the instixtut of Elktr¢crcyekt. The tables

indicated are intended icr the tse during the technical-econCmic

calculations.

K
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Table 10-5. Cost/value c¢ :ne mcuating 1 km cf the wire of line to 1

kV cn the Qstablishsd/instailea supports.

('4MapKa n celeHHe flposoos. ICO.4 P CO-5 I C-25 I ic-35 AC-16
!ToNMOCmb, py6 ........... 38,5 55.4 62.9 96.3 7.1.6

7 po of.)0 o0 uc

MapKa I ceieue npowo ,o. . AC-25 A-16 A-25 A-35 A-50 A.70
@Owocm. py6 ....... .. 108,2 69.3 92,8 113.1 141.21 204,6

K-y: (1). Brand and the secticn cf wires. (2). Ccst/value, rub.

Tablq 10-6. Cost/value ci the ccrs~ructicn 1 km of aerial line 6-10

kV.

,. -q~.alrn~a~ ____ _CRoCh. I6.

ceeuee (35nN ')
0ovCDA0 ZlepebnhJ(e 0onopbf i Ncewtlenuhaii onropw

II'__________ I

A-25 - - 8nn
A-35 1275 1065 ,450
A-50 1380 1I 1 5 9i
A-70 1495 1 280 1 155
A.95 1695 1 505 1315
A-120 1840 1650 1435
AC-16 1070 910 -

AC-25 1105 955 830
AC-35 1260 1090 960
AC-50 1365 1225 1095
AC-70 1560 1405 1255

C-25 965 885 830
-C35 I 010 930 850

riG-50 1 125 I o05 900
rICO-4 - - 635rIco.,5 - -65

Note: 1. Table gives the ccst/value of the linps, planned in the

unpopulated locality it. toe I area of climatic conditions on the

ice-covered surface fcr tne first rouo cf structures of Icsccw

*1I

A'
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region.

2. During compositlcn ot recarical-econcaic calculaticns for

arias arz consid-red ccefficients: for II climatic area in

ice-covired surface K=1.1, zcz ii area K=1.2, for IV area K=1.35.

3. During construction ci line under urhan conditions and in

sections of industrial tuildin -up is aprlied coefficient K=1.52.

Key: (1). Brand and the secticn ci wires. (2). Ccst/value, rut. (3).

Wooden supports. (4). Wccden supports with reinforced concrete

attachments. (5). Reinfczced concrate supcrts.

'A

r.
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Pages 222-223.

Tabl= 10-7. Cost/valu . cz tne si4rator 1 ka cf cables 1.6 and 10 kV.

61)n 2 i CToMdOCTb flp0KJAlKx I imM KaGalE (fY6.) IIpu CtqiI4u. MM
3
I

@a -p Al __ ~ ___

kIlM 2.5 4~ G6 10 1 25 35 50 1 05 20 I ooI j3240

B . M CS 3 820 89 990 1150 1400 1740208. 2600 3270 4130 4980 5960 7280 9050
we A 3 - - 880 1040 1230 1490 1620 2270 2880 3620 14370 - --

CS 4 920 10(0 1'20 1480 1830 2250 2810 13780 3610 5560 6680 8130 -
AS 4 1930 1090 1350 1660 2040 2600 13250 413o - - - -

I,,C -1 8090 102,0 1,20.0 13%;,50 ,2 ,02, 34-T%; 5"58
I~~~ A CSI380809000 20 30(560 1820 290 2618 3 140 13610 4250 5280

AAS 3 - - 800 880 [000 1(00 l 1260 1470 1710 2010 2300 2650 3230 4140
A1"1BBI 3 7601800 860 970 1 140 1270 1460 1620 1930 2360 12820 3240 -- -
ACUI 4 - 880 960 1090 1300 1480 1750 2090 2550 3140 3680 4220 4960
AAB 4 - - 820 900 1050 1220 1420 (640 1900 2210 - - -

Af185 4 810 840 900 10101 (90 1380 1560 1839 2140 2630 ;950 3400 - -

6 NI C5 3 - - - 1740 2030 2330 2730 3330 4020 4920 5790 6730 8040 9790
A 3 - -- 4 70 1670 1920 2290 2760 -33 - - -- -

A ACS 3 - - - 1640 1820 2000 2300 2620 3000 3490 3980 4460 5070 5910
AAS 3 - - (330 1450 (5601 (720 1970 21S01250 2760 3060 3550 .4070
ArS 3 - - 1490 1590 770 1(950 2230 2620 13060 3490 3840 - -

10 3 2 500 2 0 80 3740 4420 530016,60 7320 8 53 10330

ACB 3 -- - -- 2340 2470 2770 3080 3420 3900 14390 49(0 5575 6600
AAS 3 - -- - 1640 1750 1 980 2 190 2480 12960 13300 3580 4420 -

AnsBS 3 - -- - 3000 3350 3730 14060 4500 15090 15610 161801 --

BMK mc 3 850 910 1001(80 1410 1710 205 2580 3230 4080 4930 5980 709 9070
"we. AB 3 - - 910 (050 1250 (500 1630 2250 2870 36201 4350 - - -

Sc - 1 1 470 1800 2190 780 3750 4530 5500 66:0 8060 -T Y Rl- c' 4 4200 1 2 0? 5 5 0 3 2 7 4 1 0 - -{

ele A 4 - - 950 (10 1350 (670 2030 10 - - -

AACsr3820 850 920 1030 (200 1340 1530 1760 2(40 2620 3070 3530 4150 5160

. 830 90 1010 1 110 1270 1 460 1680 1980 2260 - - -

AB 3 5W0 570 610 690 760 860 970 1131 1330 (570 (830 2130 - -

ACsr 4 - 900 970 10o 1290 1450 1710 204) 2510 3070 359) 4130 4840 -

AAr 4 -- 850 940 1050 (230 1400 1610 (880 2 170 - - - -

Air 4 580 600 640 720 810 950 ((00 ( O530 (810 2090 2480 - -

6 %t csr 3 - - - 1670 19W0 2240 2680 3 230 3 920 4820 5680 6 620 7900 96(0
AI~r 3 -- - 1(420 1610 1860 2240 2710 3260 - - - - -

ACSr (570 (730 (9(0 2200 255 2900 3370 3 40 49M 5 691)

AASr 3 - , (&1 (39o (500 ( 720 1910 2(120 - -I- - -

'AIr 3 1030 (220 (340 (590 (700 (990 2260 -570 (2930 - -

io 10 Tb Fi j - 24 30 2700 3 090 30630 4290 5(0 60o6-) 71t70 8360 10160

A AC5- 6 - 22o20 2400 2670 2970,t 3310 3 760 20 4?OM 549 GAtI)

I 10905671)

1.-t , 3 -o2630 2970 335 3630 405 5 5 -
... .r-17,(50 (0 2 1,0 3410 4320 522,) 6310 760) -

Ke I 6- - (80 2100 24h) 339 392f 4670 15600 G 14o 7(90 8590 i
o 0 6 1 317 - 2580 2071 3391 3, i-) 4660 5640 655U 7S10 920 --

16 140
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Pago 224.

( " - f - " I I I I

fllO I . csr 3 790 840 950 1 110 1350 1 650 2) 030 1520 13180 4 140 4960 5930 7160 9110

1o-I ABr 3 - - 8 40 990 1190 .1440 1610 2120 2810 3670 4410 - - -
Ka csfl 4 - 8801 IJ70 I1IGO 1 400 1740 1 2180 2730 13700 14590 5530 6620 17980 -

_T_4 - - 890 1o50 1290 1600 (2010 2540 32)0 4160 -- -

A AC 3 760 790 860 970 1 140 1270 1520 760 .2120 2680 3130 3580 4250 53 0
AABr 3 - - 70 830 950 1050 1 250 1-440 1660 2070 12340 - - -
A Br 3 510 530 580 660 720 820 950 1100 1310 1 50 11807 2120 - -
ACSr 4 - 840 910 1030 1220 1390 1700 2020 2460 3120 3650 4190 4930
ASr 4-- 790 870 990 1160 1390 2590 1860 2 260 - -.

AnBr 4 550 570 610 690 780 910 1070 1270 1510 1790 2060 2460 - -

6 M CB 3 - --- 1600 1890 2170. 26303200 3870 4840 5700 6630 7820 9640
M Asr 3 - 1350 1540 1790 2220 2660 3210 - - .- - -

A ACBr 3 - 1510 1670 1850 2170 29 4249 5853 4930
AAr 3 - 1210 1320 1430 1690 1880 20901 - 3 40
AlB 3 - -- 1000 1190 1310 1560 1670 1960 2230 2540 29201- -

10 3 --- - 2340 2610 300 520 6060 7040 8280 10150
A AC6r13 - - - 2150 2300 2610 2920 3250 3820 4280 4680 5480 6450

Note. Th! cost/value ci trenches, ccnstructions/dasigns and

chutes/trays calculates aduiaitionaily on the basis of tabls 1C-8,

10-9 and 10-10.

Key: (1). Condition of sepdratcr. (2). ncminal voltage, kV. 13).

material of cort. (4). Cable maxe-up. (5). Nuster of cores. (6).

Cost/value of separator 1 km cf carle (rub) with section, mm2 . (7).

In trench. (8). In chanuei, tunnak, or on piers. (9). In block. (10).

on chutes/trays.

1A IE~ '11r
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Page 225.

Table 10-8. Cost/value ct cautes/trays and ccupositq

constructions/dasigns fcr the catl* laying in the channels and the

tunnels.

E~IIIl Crnn-

H~uuuoalue KHe~,UN3 InCTb.

7kmaTX~ ummwaMIbtHe 52

(5.6OpHe xoueepyxwuu ip. Kojwmeerae nonoK 3 100 . 150

4 I170

Key: (1). Designation. (2). Unit neasurement. (3). Cost/value, rub.

(4). Chutes/trays, stampid/die-forged. (5). Ccmposite

constructions/designs with yuantity of shelves. (6). sets.

Table 10-9. Cost/value c± r-senchms on 1 running km.
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T oc.E /O-9.

*A@OT. P Y5. rip. warropum

Tpnmes CT!lo -

C y'eow cTommoCri nepexo~os. ! I 770 2010 2230
paopiw x aoccTaHosAmei 2 2490 2815 3085
MoCToDa, c70o0MOCI &IOKos 3 3 240 3610 3 970
rpy6, XKpnt'a H necKa 4 4010 45.0 4930

5 4805 5415 5900
6 5575 6295 6865
7 6505 7330 7970
8 7445 8335 9050
9 8375 9375 10160
to 9315 10410 1275

Be* yea cToUci rT neeoe 1 610 605 825
2 760 840 980
3 930 1010 1030
4 1 135 1235 1420
5 1360 1470 1690
6 1560 1695 1945
7 1915 2080 2360
8 2270 2430 2740
9 2645 2815 3155

10 3015 3200 3570

Note. Digging and cbarging cf trenches aze ccnducted by hand.

Key: (1). Trenches. (2). juantiry cf cables. (3). Cost/value, rub,

with catgory of soil. (4). Taking into acccunt ccst/value cf

transitions/junctions, dismantling and restcration/reduction cf

bridge, cost/value of tJccis, tutes, brick and sand. (5). Without

acccunt to cost/value ct transiticns/juncticns.

ri
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Page~ 226.

Table 10-10. Cost/value cz ticcks, channels, tunnels, piers on 1V

running km.

Hamm~evionmme at xpaxcrePcMiCTa ryrIp

(5) IBAOis (41rp. wRae Omepm~fi (C y.;etat RVAOnsoea): 110
2 12100 -

1 4 200 -
ft 1111) -

tOt 20

I a~u rayl(.AeiUe (700 ~
OT )PoIalt 3emAnJ. "X,60 27 G70 3.1 00

@~Kalaau600 22200 IS500
exao-tax nepe. 6DOX450 19400 25000
101h HCO Ate I~a,~,Jr1,~eW1 cnu 0~(0 2'7 07

JieJ.O~lm- ftrsf llM OW XW O H PGM3. riWI(11-o 26 350 32 800

" aToaopors- q____________ GW0X450 23 100 28600
~) n..,AY 3oynaqYUJeIilnde 9OiXfloO 26 860 34 S8)

(2W3 MA O? YPOGNa 2emi,) C00b<fl 21 600 2790
600)(.150 18 50 2440

9 ~ waimo~ue 2 00X2 200 14000 87500~.yuiue. m .4 IO.1.1t1hie I 500X(6 000 120.000 144 000

I(naitnitermull csPW8W CII( 1S5P6eitel 18-42. 03000 96000
'oll rpoa..it.ax iio- 32

ifaapc &u 2 (r1rpq"hfJCAaeuZ KICleA 511-126. 95000 ISO o
itCTJa~hI ouirpo.Thil :4n-306

'khnn c0aiCU1eII~ft n1POuaA~t Xai~ee4 nio SC~a. 2 00 I
"RamS C ?es"0omcNqenUM ?PY&ouPomo4awU

Note?. In cost is takan intc ccnsidlaratica entire complex of

construction work, including the ccst/value cf materials.

Key: (1) . Name and characteristic. (2). Cost/value, rub. (3) . Dry

Soil. (4i). Wet Soil. (!) . B1CC KS. 46) . With rumber cf openings

(taking into account pits). (J). Channels, sunk (700 mm frcm ground
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level). (8). Section, No. (9). Channels, including

transitions/junctions undar raaluay lines and highways. (10).

Channels sunk intensified (300 am ircm ground level). (11). Channels,

partly buried (200 mm frcm 9rcund level). (12). Tunnels. (13).

Passage. (14). Snmiaccezs. J15). Type o 1 (singe-circuit) pcver

cables 18-42, control rccms 60-10z. (16). Gallpries and pier. (17).

with combinad cable 1aypir cn iiers with technolcgical

conluits/manifolds.

.1
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Table 13-11. Cost/value ci transrcrmer substaticns.
fl,2U~WI~ ~ Mkt,3c,. j CCbWCroffvocnTn . Twc py.
flax felte IbOl 6ASIiN pM IWai TP AIIC. Ay-m*rac

I._______ tpopfpa .No(pib2n ow L p,4~3 U"~fM

C'0Orze.hHo CTORUWAR TpaHCd(1OP* 100 2,81 6,79
113rOPIrIN no0.rcrjnuna G- 10/0,4 Ka 160 3.20 7,24
no THlnOBOMY npoet(Ty r~npoxoai- 250 3.23 7,60
mVI*3Iipro 400 3.42 7.97

630 4,69O 10,49

SKomw~ewrvr, Tp1Ifirj)0pU-ITrP- 180 4, 16 -
IIII 17ACT.11RI(W TIMIL KTI1 320 4,37 9,06
60, .4 Ke 560 6.07 12.27

4001 4,0)9 8.53
630 11.46 22,70

1000 129 26.04
(S)ANagrochte KICOCICN GjO4 1( 10 1.f23

160 1.34

K-3y:() Designation. 2) . Eower cf transfcrie'r, kVA. (3) .

*Cost/value TP, thousand ci ruc. (4). with one transfcrmer. (5). with

two transformers. (6) . Separate Z~lnsforser substation 6- 10/C.4 kg on

standard proj)aCt Giprckcaunenergc. (7) . Ganqed transfcruer

substation of type KTP cf 6,'C.4 xV. (8). Mast tcwers 6/0.4 kV.
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K Page 227.

Table 10-12. Cost/value cf distributors to 1C kV of tha type KSO-2

fuImn ?paisc.l0opw,4opa u.obf .,f ~~b
H~u.ouau# j aflpMAC11612 TON. a

0080BbA R tp;inc~opuaTop anpaierns~ HTMPI (ii1T.NIK) 600 927

C4 0ASR OTXOAX=wJa IRHII C NMB'* Ifm (n1) 1 000 2 153
Tuna BMI rig (fiC) I UOO 1 933

86B0A taNf om~onim jrnt c MB 1 1 rlM (11) 1 5(0 3 051
Tua BMfl 113 (fic) 1500 2S81

CSBeoh OT cZno~orO TpeHc~lppWTop3 llfM (Hi) 1 ;-00 3031
C MAB Tana BMr1 hunM ([1) 3 00f0 3451

fl3 (ric) 1500 2 80 1
na (HiC) 3000 3111

( BWoA OT CIHlO0rO TpaR~pOpmmaTp flflM (11) I5S0 3361I
wt Tpaiicpopumrropa co~cmoeimix hIM ([1) 3000 3741

11MC 106 Ka113 (11c) 1 500 3 231
iiy~z o nfl ((ic) 3000 3501

Q41TpoXoni1oa 98OA C MB Tna BMin hllm (nI) 15(0 30n31
f13 (I IC) 1500 2 q0l

C1% BW paitC aiaOPM codrniimbi hlflm (nI) 1500 3341
1nYwiA TM-25/l0. OM-4/10 113 (Mc) 1500 3341

n3l ([1) 151;0 1813

&t .OTxoIAUwai .111IIHa (IP.2 400 777

(±4 Orxonnumi mumH iam anoA TIPA.17 400 803

($ITo me nkPA17 400 903

(!4CcnUnomHmA p3-bernwre-ib flP.2 6G0 467

Cewuntomi ucimUa~ab THM hMf 1111 (nI) 1500 3 23t
(vv C T trnncLI~0wTOP0M 1ianpMiC1iRn 1f11m (n1) 3 00 3571

HTMH (H- rMK) 113 (ric) I1500 .1221
n13 (ric) 3000 3391

k(14CeRUPONHb~l UbIlIOflTe~lb THrm B.%Ir1 rInM (1I) 1 500 2871
rifIm (n1) 3000K 3151
rla( 1c) I !' )0 2861

fl3 (1C) 300 3031
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TpYicopmm~p imnpwacc2;w HTMH1 ITI 400 897

P2 ;,1111,1pBm (PBrI) 400 707

Tpt?4,oPKITOP itafp AeHHR If pa3- H-TMHi(HTMK) 400 967
PuHI~MIK PBM (PM31)

Tp~icfP0PSwaT0P Halipnw14C11 c KoJi- HIT At H (HIT AK) 400 837

21%5PC;ir 1KTLioro flyCm 3.1eXTP1fWJS- flIM (r1) I 500 4574
rabic muoqme-4 TriaBmf nl3 (flC) 1 500 4544

J1~PeUrOPHOMro ycxa If AIIHflIIH*- fllm (n1) 1 000 5 92?'
,iecxor T0P.O14*CHHX mewrp~oasm-t 11 (flc) I 000 590?
rareaR2 C SUAM7KThOaeeM TJna BIMVi

XVD.AaBTP1iiccop4aTopHoro riycla film (n) 1 000 7640
14 ammimm~s~Iom TOPMO~14HHN n13 (1IC) I 000 7540
3"1KTpo.1safram.11 c ObM.lI0lTe-
.IeM TIMn BMI1

AOUt.11 111049Tpaticiopmam- niM (n1) 1 500 2293
py co cxcvIo)I YIA~ c abflc~oqae- 113 ([IC) 1 500 2 173
.@m Tmna Bmfl

Pie'IaNl icaMCPG, 0ujA. 3413te~me flP-2 I 500 597
C60PHUX WWI#4

Key: (1). Designation. 12). Type cf drive cr voltage transformer.

(3) . Rated current, A. 4(4) . Ccst/value, rub. 15). introduction/input

and vcltage transformer. (6) . Intrcducticn/input or vaste/exiting3

lino with nV of type VLO.

FOOTNOTE 1. IV - oil breaxcer. EILECOTNOTE.

(7). Introduction/input cr haste/exiting line with IV of type VM P.

(8) . Introduction/in put ircm jower transfcrmer with MV of tyre VNP.

(9) . Irtrcduction/in put tzcm afor transformer and transformc-r of its
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cwn needs to 63 kVA. (IQ. Passage introducticon/input with IV of type

VIP. (11). Introducticn/iaiut and transfcrmer of its own needs

TM-25/10, OM-4/10. (11). Latzcduczion/injut ard transformer cf its

own needs TI-25/10, 04-4/1C. (I,). Wasti/exiting line with NV of type

V.P. (13). Waste/exitiny iLne with MV of type VMF. (14).

Waste/exiting line or intzoduct2cn/input. (15). Then. (16). Sectional

disconnector. (17). Secticnalizing switch of type VMP with vcltage

transformar NTNI (NTHK). (18). $aicrionalizing switch of type VIP.

(19). Voltage transfcrrez NTLI (NTflK) NOM. (2C). Dischargers/gaps.

(21). Voltage transformer and aaschargers/gaps RVM (BVP). (22).

Voltago transformer witn cajacitors/condensers. (23). For reactor

launching/starting of elEctric *crcr with stitch cf type VIP. (24).

For reactor launching/startang and dynamic braking of electric motor

with switch of type VM1. (25). For autoinductive launching/starting

and dynamic braking cf elctxic actor with stitch of type VNP. (26).

aste/exiting line to traasicrmer with diagram U/D with switch of

type VN1. (27). Stand-t) chauker/camera, intrcducticn/input,

grcunding of collecting sains.

*

'1r
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Pago 22).

Tabl,; 1.1-13. Cost/value cf aiistrzutors to 10 kV of tyoqs KRU and

FRUN.

C!OMWcmm ue pacnp&e~unezbhme ycmpoficmea IKPY2- t 173
M51R-ICKa C abhMh(vO'rTe1m4 THa DM11 c InpwaoAom runa rlflM.IQ 3060
(OITo Ae c apiaom runa rg-il .. .. .. .. . .. ..... 2 850

1iicaC TpaflCr OPhfTOPOM HnafT m N..... .. .. .. .. . 610
C1151-ICARM C Pa3-lCIRhOWTC-'CM Haf xa6eAbnnu cOoPS2.. .. .... 1 140
(%LqeAXa C poapuAHMP1 . .. .. .. . . ...... .. . . . . 115

t )RlqeiUa C TPSHC4OPM2TOPON co~crm~bix vyw4 T.M- 1 630

(i)Koundexmfthdacneejmi~m cmpmc mea A'PY-K-1I Y
C9[e~ cabIX.l1oqaTealeM Tana SAM C flpRnAo0o Tua I1 0 2120

Ci)o men c apitso~om Tmna ri1 .. . .. .. .. .. . 1970
05Rlaefta C Tp3NCq)0puaTopo0a KaripmeHmn.. .. ......... 890

( qeAXB C TPOCPOP9MOOM IfaflpsmeCKS it papxaHmasi. . . -990
(UQMj~a c pa3pua1H)PcaMB.... .............. 74
Clgqejua c t ac~a~ropoa codceinmI..~r...... . ..... 40

(Qi)5I'rAKa c npeaoxpaTenuaan. *.... . ...... . ..... 690
6iDAoomnuexmmada pvcnperlewummeA ucmpoficmaa ICP./f-K.IV Y

C,)3Iqenaa c macomum~ aboL1JaTeaem THMI Bm1' a nipuaomo
TaaMy ... ... ... ... 1655

Q~o e cnpmo~c Taa rrl/~rl. .. .. .. .. .. . 1495
d3 Ruefxa c macumnbam abIMMIae.aeg Tana BMrI a apawox

Tamna (hiM ...................... 2405
STo me c opmeoa Taina ni (YflFIj. .. .. .. . ..... 2245
Jiqefia C Tpafctpopuaropou mapwueuzi a pa3paAmUamN . . .95
%ReAX8 C TPI~(MaOPUM Hanp*AMBX. . . . .. . ....... 0
SIJeiA c paapmAHmHamx .. .. .. .... . .......... 765

tom4~e~ cewitaopnpouarmN c pmeimehnhb imi KOT3KmMfl . . 905
Ci1~fl4eAha c Tpkc4JpmaTopom codreSINUx HyS(A xo 63 ff40. . 120

01 K0RAJACXMhi PantdiieAlm"INN Ffm;CJ7mta KPYjj-K*YI7
(J)lqteixa c mCauNmum awmIaTe.eM Tana irr a npaso~om

-tuna l3-2 ... .. .. .. . ... . . .. . . .. . ... 2115
'.4RtAX CeRIWOOINPOmGHR C swxjuo~am.,em %Irr..... .. .. . 1815

I( I4tAks ceXUIo!.4Hp8ahllu C paabCARHnoULRNN K0'xamat . 1 10.5

%qgac ipHCmlopmaropom co6czaeumxa ;ywx 100 m'm' 1 2-05
(!,iqziNa C Tpolmopie~lpoN CO45C13PPUZ MYNA 160 xsa 1 . I 05

Key: (1). Designation. (i). Ccst/value, rub. 13). Cubic switchboards.
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(4). Cell with switch c¢ tjpe VNE vith drive cf type. (5). Then with

drive of type. (6). Cell with vcitage transfcrmer. (7). Cell with

disccnnactcr or cable assemr~j. (6). Cell with dischargers/gaps. (9).

Cell with transfcrmer ci its own needs. (10). Busbars. (11). Cell

with vclkage transformer ard discnargers/gaps. (12). Cell with safety

devices/fuses. (13). Ceii with cii breaker of type VNG and drive of

typp PPI. (14). Ccll of Fartizicning with disccnecting contacts.

(15). C ?II with transfcrmer ot its own needs to 63 kVA. (16). Cell of

partitioning by switch MGG. (17). Cabinet of intrcduction/input with

disconnector. (18). Call with transiformar of its own needs of 100

kVA.

A!
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tablq 10-14. CondpnseRr/cap~ccicr iLstallaticns 0.38; 6 and 1C kV of

ths (st'-Kamgnoqcrsk ccrdeaser/capacitor plant.

(13 ~ ~ ~ b HaQ~mun TGANGCTb.

C'2)Kowdemcamopue 5ama pea man pAiemaeA 0.38 Ice

(-) mumpefxrJ4 ycmedwC
KK-03--1,80icapD1 080 13.5

KKY-0,38-11I, 0 p 1925 12
KKY.0.38-111. 6 0 K p. P~1 2085 13

KKY-0,38-V. 280 jp(? , 1 2965 1 10.6
KKY-0-38-V. 280 p 'Ps-I 3 135 11.2

Kondepicamopmue 6amopeu man pRifemaM 6-10 ma
an4 mpemHEil ycmalodxca

KY-6-1. 330 x fp, 2 165 6.6
KY-6-1, 330 x P. 5PB-2 2320 7.0
KY-6-1I. 500 pA 3070 6.15
KY-6-II, 500 SPB-2 3 230 6.45
KY-10.!, 330 9c ( 2 180 6.6
KY-10-1, 3.30 *c SPB-2 2335 7,1
KY-10-11 500, p 3075 6.15
KY-10-11: 500 tp'. 5PB.2 3235 6.45

(1)J Kondexcamopmue iama pea JmonpJmemueic 6-10 c
,- majpy..Coit jcmamoarU

KYH-6-11. 420, 1~ 2220 5.3
KYH-6.1I. 420 p. 5.2 2375 5,65
KYH-1O-lI, 4OO4 'P tb 2320 5,8
KYFI-1-1. 40 .2p~ ~-~ 2480 6.2

Kay: (1). Dsignation. 12) . Ccsx/v-lua, rub. 13). Specific

cost/value, rubles/quarter. (4). Capacitcr tanks by voltage C.38 kV

of internal installation. (5). xilcvar. (6) . s. (7) . Capacitor banks

* by voltage 6-10 kV of extaznal installation.
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Page 230.

S~ction Elev-n

R REGULATING VOLTAGE AND CCdEBN.A1[ICN FOR REACTIVE POWER.

11-1. Basic condition/Ecsirlcns.

The problem of regulating the voltage in the electric nets is

ths guarantee cf normal tacnnacaI-. pecificaticns and

efficiency/cost-effectiveness cf the jcint cperation of the electric

nets, electrical receivErs and cornected with them prcduction

mechanisms.

Questions of balarce and aiszributicn cf reactive powar,

selction and arrangement/icsiticn of its scurces, increase in the

factor of power and efficiency/cost-effectiveress of the work of

electrical networks must ha examined together with questicns cf

regulating voltage.

Th . fundamental method ct iegulating the vcltage in distributicn

networks 6-20 kV is reqularzni in the certerE cf feed (TsP). Ey TsP

ari implied the busbars f-zQ AV of the distritutcrs cf reducing
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substations or slectrical Staticnt.

All transformers in TsF must he established/iastalled with the

devica/qquipment of re-gulazany 1cac stress (BEN). ?ailure of the

usa/application on thb reducing surstaticns with thq secondary

voltaqe 6-20 kV cf traDneczaezs wath BPN must be based by the

technical-economic calculaticn.

I'-

$ I

, . .
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Pages 231-241.

Table 11-1. Fundamental karametezs of power tank transformers and

autctransformers with Fib.

Ta. pauc~op. (y) I MMWO u*IPUIUU aIMaoI. so
pa hI MaliC14A) Hanplme¢- le a rpynna -

aswr3Opa.o p- NOIIIOCTb. "l. Me _AMCHla OMoTOK
MATORI A10 S C

(CbTpac#op amopw mpex~aa #u dayxoduomo'w. P17 ±10!.. ±6 Cmynexti

TMH 0,063 10 6; 10 0,23; 0,4 YY,-0
TMK 0.063 10 6; 10 0.4 Y/Z-I l
TMIH 0.1 10 6; 10 0.23; 0,4 1*, Y,-O
TMH 01 10 6; 10 0.4 YiZ,-I I
TMH 0.16 10 6; 10 0.23; 0.4 y/YI.,-O
TMH 0.16 10 6; 10 0.4 Y;Zm-- II
T,\11 0,16 10 6; 10 0.69 Y/-I I
TMH 0,-5 10 6; 10 0.23; 0,4 Y/Y.-O
TMH 0.25 10 6; 10 0.4 Y/Z.-- I
TAW-t 0.25 10 6; 10 0,69 Y .a-I I
TMH 0,4 10 6; 10 0.23; 0,4 Y Y,-O
TAM\! 0.4 10 6; 10 0.4; 0.69 i;Y.- II
TM1-H 0,63 10 6; 10 0.4 y:Y ,-0
TAM- 0.63 10 6; 10 0.4; 0.69 AI YI-II
TM, H 0.1 35 20; 35 0.23;,0.4 Y/Y,-0
TAItH 0,1 35 20; 35 0.4 Y/Z,,--I!
T.NH 0.16 35 20; 3.5 0.23; 0.4 Y Y,,-O
T-NAH 0. 16 35 20; 35 0.4 YZ,,-I I
TMH 0.16 35 20; 35 0.69 Y/11-I I
TM\-! 0.25 35 20; 35 0,2.3 :0.4 Y/Y.-O
TH 0.25 35 20; 35 0,4 Y,'Z,,-I1 I
TMIH 0;25 35 20; 35 0.69 Y/'-I 1

TMI-! 0.4 35 20;35 0.23; 0,4 Y/Y-0
TMH 0.4 35 20; 35 0.69 Y/,,-I I
TMH 0.63 35 20;27.5; 35 0.4 Y,,y-O
TAIH 0.63 35 20; 27.5; 35 0.469; 11 Y/.Q-It
TMH 0.63 35 27.5; 35 693 Y/,a-1 l
TMH 1 10 6; 10 0.4 Y1ys--
TMH I 10 6; 10 0,4; 0.69 .U/y-I1
TMH 1.8 10 6, 10 0.4 Y/YK-O
TM 1.6 10 10 0.4; 0,69 Jiy-I I
T,IH 1,6 10 10 6.3 Y/a-lI
TMH 2.5 10 6; 10 0.69 Y.G-I I
TMH 2.5 10 10 6.3 Y/,x-I 1
TMH 4 10 10 6.3 Y/jl- I
TMH 6.3 16 10 6.3 Y/J--I I
TMHC 6.3 10 10 3,15 Y/jx-...
TMH 1, 35 20; 35 0.4 Y/nY-l
TMH 1 35 20; 36 6.3; 11 YI-
STMH 1 35 20 0.4; 0.69 ].Y--I 1
TM? 1 35 35 0.69 Y/Y.-0
TM]-i 1.6 35 20; 35 0.4 Y/yr-0
TM? 1,6 35 20; 35 6.3;11 Yl -[
TM 1.8 35 20 0.4; 0,69 ,lyu- I I
TAI 1.6 38 35 0.69 Y/Yw-O

I



DOC 3 004~0311 r AG.E

TM~i 1.6 35. 27.5 6.3; 11 Y/fl- II
TMII 2.5 35 20;:35 6.3; 11 Y/a-i l
TMII 2.5 35 20 0.69 .2/Y- I
TM~i- 2.5 35 35 0.69 yiya-I I
TMII 4 35 20; 35 6.3; 11 Y/I- I I
TMII 6.3 35 20;.35 6.3; 11 Y/A-11I

(i)TpONUAQpiMWoPa mpox~aaihia dsmxo.*omo'u.ma. Pf7H ±t120, ±8S cemynemea

TH10 36 36.75 6.3; 10.5 yilII
'T~Zi 16 I 35 I 36.75 I 6.3; 10. 5 Ya
TLi 25J 35 I 36.75 j 6.3;:10. 5 yI a

Cl Tpamcoopxamopoa mpexqoawe mpao wuov~ta. PI7H ±1281. td emynefteil

TMTII 6.3 35 I 35 I 10.5; 13.8 1 6.3 1 I ,/a
(%)To me P]7)Y±1201. ±8 cmynea

TflTI 10 35 36,75 10 ;1. 6.3 y11.-11
TATH 16 3O 36.75 10,5; 13.8 6.3 Y.2.a- i i

(45Tpwaopramopai mpex~a3MU8 deyX06XMmoIKU9. P17H ±1201. ±8 cmunelies! c nanpitue . J. 14410

TIDC 1 35 10.5 3.15;:6,3 Y;1
TMnt-C I 0 35 13.8; 15.75 3.1.5 Y, YY-0
TAHkC 10 I 35 I 36.75 I 3.1i5 Yj.1j-1Il

(0 J-0 ice c inan pajcwsma X. a.. 10%

T.LIic 16 35 10.5; 13.8; 15.75; 8.3 AJ-
T.Uic 16 I 35 I 36.75 jI 6.3 Y'SII-1I
( OTpwto ~amopm mpex&3ama dsyxodOmov4HhJA a CUPAflAkth domcamu. PITH ± 1201s. ±8 cmynena6
TPLUi 25 35 15.75. 6.3/6.3 AI.f-AL-0-O

8S.20 6.3/10.5
TPD.H 25 35 I 36.75 6.3/6.3 Yfn-11-l

6.3/10,5 nmu I-aoo
10.5/10'5

TPJUI 32 35 15.75 6,3/6.3 a- 06.
20 6.3/10.5

TPDJI 32 35 36.75 6.3/6.3 Ya/.4-- II-I I
6.3/10.5 a Jixia/,-A1-0-o
10.5/10,5

T PAM 40 35 20; 6.3/6.3 A,---
36,75 6.3/10.5

TPLhJ 63 25 20 6.3/6.3 ./ll--
36.75 6.3/ 10. 5 .fl/2-2-o-0

TPAKH 63 35 36.75 10.5/10.5 a/AJ-a-o--o
(i ) Tpaxc~Oop.uamopm mpfx.~aIMed dsegxo6amomoA'w P1711±1601 8 NejmpaAa 811. ±t9 cmifnemet

TMH I2.5 I 110 I 110 I 6.6; 11; 22 1 Y,/I-1I
T.I 63 110 115 jJ6,6; 11; 22; 38.5 Y(-
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TmU-! 10 I10 115 6.6; 11; 22; 38.5 Ys/fl-II
T.mi 16 110 115 6.6; 11; 22; Yu/1.-11

27.5; 38.5
TPA - 25 I10 115 6.3/6.3

6.3/t0.5
10.5/10.5

TPJlH 25 110 115 22; 27.5; 38,5 Y,!- -I I
TPLI 32 110 115 6.3,6.3 Y.,2--I--I

6.3/10.5;
TP~i 105/10.5

TP1 32 110 115 22; 38.5 Ya/']-1I
TPJlf 40 110 115 6.3,6.3 Y/.a-I--I1

6,3/10.5;
10,5/10.5

TPIIH 40 I10 115 22; 38.5 YI- I I
T PXW*i 63 110 115 6.3/6.3. Y./f--3- -

6.3/10.5;
10.5/10.5

TPJLUi 63 110 115 22; 38,5 YS - I I
TP.UI.3-I 80 110 115 6.3/6.3

6.3/10.5;
T PMJ ' so 11i0 115 10.5/10.5

22; 38.5 Y./,- I I

To me. c m npxe XmuNem S. j.. 16%

TPiHC 32 I10 115 6.3/6.3; Y .bD ! l--3I
6.3/10.5;

10.5/10.5
TP.iC 40 It0 115 6.3/6.3: y./n--- !- 3

6.3/10.5;
10.5/10.5

( Tp"wcqopamopw mpgXoa3M mpCYXo6,omoSN*#. P7H ±1&Ae m eadmpsAu 8H. ±- cmy.Wmea .
Sl'5B ma Ci ±2 X2.5*/

TMTH 6.3 310 135 22; 38.5 6.6; I1 Y,Y,/.2-0-I I
Th t0 It0 115 22;: 38.5 6.6; 11 YY../21-0-11
TTH 16 110 It5 22;27.5 6.6; 11 YS/yu4-0-I

38.5
T2TH 25 110 115 11 6.6 Y/fj/l1--1TJ1TH 310 315 22; 27.5 6,6; I,'/Y./f,-0--3

38.5*
TaTh 40 10 115 II 6.6 Y/fl4t -II-r,
T1 TH 40 130 115 22; 27.5; 6.6; 11 Y/YA--O-I I

38.5
TiTH .. 63 Il0. 115 38.5 6.6; 31 Ym/Y/.[-0-II
T1TH 80 110 1135 38.5 6.6; I t Y./fl-.--

ii:

A.
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C,$)~im00P-0P"mPex04Ja'* if axWA6)wouw. P17Hf ±1201. ±8 emnia a wam~paeAm Elf
*TMH 4 150 rlo TY (P!JflTY ya..'1i

TaHl 16 150 158 3.3!.6.6;t11 Ya 2-1
TPAlf 32 150 158 6.3/6.3; S1-1IlI

6.3/10.5;
TP2IiI 8 iSO 15810.,0.s
TPH 315 186.3/6.3: ya/AL-1-III

6.3/10.5;
10.5/10.5

(1)T,anC46pA2o mpexoasnuae mpuxo5Aw.-noqxwba. PTIH ±1l2V.. ±8 cmynoeail @ meainmrAu BH
1h~ 161 158 22; 38.5 6.6; 11 Y,5 .-- I ITDTH 25 50O 158 22; 27.5; 38,5 6.6; 11 Y, 2*,:-0- 1'ruTH 40 150 158 22; 38. 5 6.6;-1 YlIIs:IOT.Ih63 I50 158 ,22;638 .5 6.6;- 1I 1', Y 0.2O-i

(hS4mompaesfop~amopac mpzzoasothis. NI711 ita CMOPOM CH f ( AutWM) ±12'. ±d emyjnneeu
AVTH 10 to 150 1,0 1E 121 6.3; 10.5 1

Q1Tpoaacopiiamopw mpexoas,~ie Oayxo6mo nouuie c pacu4en.Cmmoa o6AwaniolJ, P17Hf ±12016 ±8 cmnimca
a meezmpau Bn

Wmil 32 J 220 230 6.3/6.3: JY '--iI

10.5/10.5

TPAiL 32 220 230 22; 38. 5 Y,/Zx- 11
T Pij 6 20 306,3/6.3; Y,/I-A-1 1-Il
TPI1 UI 6 22 230. 6./10.5;
T P D . L ~ H1 0 0 2 2 2 2:1 0 .5 0 .5- 1

TPDJIJ 100 220 230 10.5/10.5 y,/. - I1-11T PLIII 160 220 2022; 38.5 Yhtl- I1
TP= 1JJ ,160 220 230 22; 38.5 ys,Z-1 I

LAAmompamcoopmiamopm mpexoaSIwA mpexo6*uomovw, P17H ma cmopoite Clf (a tumua) ±1201s. ±6 cmynate
ATIITI 32' 220 230 121 6.6; 11; 38. 5 Yus/I--1
ATILTH 63 220 230 121 6.3; 10.5; 22; Y35 o/1....-1

F75; 38.5ATUUTH 125 220 230 121 6.3; 10,5; 22; 38,5 Ys../ail-O- I
AT21LTK 160 220 230 121 6.3: 10.5-.22; 38.5 Ye....T/;X n I1ATAULTH 200 220 230 121 10.5; i3.8; 22; 38.5 Y,..,/.,1 0 11I
ATIILTII 250 220 230 121 10,5; 22; 38.5 Y.,./L-0-11I

Tpaucoopiiamopu mpgxas~m'ta dsyxodommruaw c pacuwnAwxmod o6monwol. P17/f ±120%. s Iwimpa~a BH
*TPIJW 32 330 330 5.3/6.3; 1.2~-~ 1 -11

TPQJJ~t ~ 326.3/10.5;
TPA 3 30 3022; 38.5 Y 3/A-11
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TPM.L1J' 63 30330 6.3/6.3 Y.Jfl-L I-I1I
0.3/10.5;
10.5/10.5

TPlU1 63 330 330 22. 38.5
TP~aLU-i 125 330 330 10.5/10.5 Y8 A f-1-I
TPALWH 125 330 330 22 Y/1l
TPDLLJ 200 330 - 330 10.5/10.5 yaa-At- I I-I I
TPALUK 200 330 330 22 YS1.a-I

(a4 Aamoarc~opumopw mptx~asmw. PI7H ma crnopoite CH! (S N.umuu) ±12%4
ATI1LLTH 63 330 330 115 10.5;.22; 38,5 V..".,i/l-0- I
ATDILTf 125 330 330 115 6.3; 10,5; 22; 38.5 '.,/a0I11
AT=LTH 200 330 330 115 10. 5; 22; 38,.5 YX..,M4-0- I I
ATI1LTH 150 330 330 158 10.5; 22; 38.5 y :::-111-0- 11
ATLUTI 400 330 330 158 10.5; 22; 38.5 Y s5 7 /2L--
ATAULTH 250 330 330 230 10.5; 22; 38.5 y*,!.-- S"
ATAhJ.TH 400 330 330 230. 10.5; 22; 38.5 Y.:.T&/a-0-I 11

@93)AesuompamcoopmamopJi MpeXa3aic. P17f1 @ HcfitnpaAu ±121,4
AT=ITti 1 2S 500 I 500 I 121 63,1.:22; 38. 5Yad-OI
ATAL.TH 250 500 So115 163o0.5 22 38.5 ~ oL-~

(4) Aamompancipopmomopi AUkea!Mbaa ptnpAUPowinua MpeX0GalWe. Pf7H ±104/.. ±6 cmynwai
ATM 0.4 10 6; 10 6; 10 y~"

ATM 0.63 10 6; 10 6; 10 Y.sma,

ATM 0.63 I 35 20; 35 20; 35

S #mmpac~o~aMfl~AUHed~bl8 PeuYAUpoao'udags mpexpiaaile.
pH ±O0/..±L8 cmynge0e

ATM 1,6 t0 6; 10 6; 10 y~m
ATM 4 10 6; 10 6;I10 .2
ATM 6.3 10 6; 10 6-; 10

ATM.P' t,6 10 6; 10 6; 10 y~m

ATM-P 4 10 6; 10 6; 10 a n

ATM-P 6.3 to 6; 10 6; 10 aft
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C1Asmompaxc~opmamopM AU09Wiaia P93MAUPOSGtMa6 MPOS45a3MM P17i1 ±L1.

C ~,U~w cmynasuad - no TY

ATM 16 10 6.3; 10. 5 6.3;.10.5 y.,

ATM 25 t0 6.3; 10. 5 6.3; 10. 5 KV

ATM 25 35 36.75 36.75 Y."

ATM 40 10 6.3; 10. 5 6.3; 10.5 Y.*

ATM 63 35 10.5; 36.75 10.5; 36.75 y.a,

ATA 100 35 36.75 36.75 Y8.66T

CAI) Amiompaac~opiamOPW AUMeIiMUS p8aY.1Up0o0sta mpexaxo~e. PI7ff ±15'. osucl.o cmyneneal-no r

ITi16 1 T Y (f )fno TY

.Tifl 125 110 (j3Eio TY c no TY Y.V

Kay: (1). Typo of transtcrmar ii ci autotransfcrm-er. (2). Nominal

power, 4IVA. (3). Class c± vcla~e, kV. (4) . Nciuinal voltages cf

windings, kV. (5) . Diagram and Srcup cf connections of windings. (6).

Transformers three-phase double wcund, RfN +-l0o/a, +-6c,'o

st~zps/stages. (7) . Transxczaezrs three-phase triple-wound, RPN

*-12o/o, +-6 steps/stages. (6) . The same E'PN *-12o/c, +-8

steps/stages. (9) . Transfcrmers of three-phase cnes double wound, RPN

*-12o/o, +-8 steps/stages witt voltage start circuit, 140/0. (10).

Thsn with voltagq short circuirt, lCo/o. (11). Transformers

thrpq-phase double wcund gitk allit windings, PEN +-12o/o, *-8o/o

* st-.ps/staqes. (12). or. (1J). Iransformers thrae-phase double wound,

1PPN *-16c/o i.n nqutral VN1, +-9 stais/stages. (14). Transformers
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three-phase triple-wcurd, RES +-16c/o in neutral VN, +-9

steps/stagqs, with PBV tc SN +- xz.5o/o. (15). lransfcrmers

threz-phasa double wcurd, BEN +-lzo/o, +-8o/o steps/stages in neutral

VN. (16). on. (17). Transiormeri tnree-phase tripli-wcund, RPN

.-12o/o, +-8 stips/stages in neutral VN. (16). Autotransformsrs

thren-phase, RP on sid4 SN (in li n) +-12o/c, +-6 steps/stages.

(19). Transformers three-pnase dou-le-wound with split windirg, RPM

+-12o/o, +-8 stips/stages in neutral VN. (20). Autotransformsrs

thrae-phase triple-wcund, BEN cn side SN (in line) +-12o/o, +-6

stsps/stagas. (21). Transformers tnree-phase doubla wcund with split

winding, RPM -120/o, in neutral Vb. 122). Autotransformers

three-phase, RPM on side SN (in line) +-12o/c. (23). Autotransformers

three-phase, RPS in neutral +-IAo/c. (24). Autotransfcrmers linear

-gulating threa-phase, BEN +-IGo/c, +-6 stqps/stages. (25).

Autotransfcrmers linear regulating three-phase, EPN +-10o/o, +-8

staps/stag'as. (26). Autctransformers linear regulating three-phase,

RPN +-15o/o, number of staps/stagas - on TU. "127). .Autotransfcrmers

linear regulating three-Faase, BEN +-150/0, number cf steps/stages -

cn TU.

FOOTNOTE 1. Autotransfcrsers linear regulating with the letter "R"

havq ths increased reactance, wkica ensures their dynamic stability

A'
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with the feed from the ne of the unlimited Fcwer. ENDFOOTNOTE.

Page 242.

On the existing substaticns with the fixed transformers must be

provided for th? installazicn or linear regulating autotranstcrmers.

Roqulating voltage in Isp gust be automated.

Under normal conditions in IsE should be realized counter

r;qulating, with which is zcvided the ccmpersaticn fcr the lcss of

lire vcltage.

For distributive qleczzical networks with the electrical

receivers which are characterized by the virtually uniform

graphs/curves of changes of tha loads with tisa, it is possible tc be

restricted to regulating voitage in TsP. If such r3gulating dcas not

provide the necessary quality cz vcltage for the separate qrcups of

users, should be applied tte means of the local regulating of

voltage.

For the realizaticn oz local zagulating the voltages can be

used:
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1) automatically ccntzclifu capacitcr tanks;

2) synchronous motczs wita 4utcmatic regulating of field

ctrrent;

3) the linear reguiatiny autctransfcraers;

4) distribution trarsfcreLrs bith RrN;

5) the individual adjusters in the transfcruers of technological

aggrigatas/units (electric iurnace, roctifyirg device/equipmert,

etc.)

Fundamental tachnical uata ci transformers and autctransfcruers

with RP4 according tc a cesign ct the "standardi2aticn of the

transformers of the poer caes cf general purpose on 1967-1972- are

given in Tabla 11-1.

11-2. Regulating voltage in TsP.

on the busbars TsP must Le redlized the contrary regulating of

voltage at which tha vcltave is suiported the higher, the gr.ater the

lcad of transfcrmer.
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Fig. 11-1 shows the rana c± changes in the voltage on the

busbars TsP with changes in tne load of transfcrmer from the maximum

to the minimum. I'
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Fig. 11-1. Diagram of vclzajes ca the busbars TsP with the ccntrary

rqgulating.

Page 243.

Here: aU.- voltage erzcr cn the zusbars TsF with the full lcad cf

transformer (upper bcunoary of dead zone), a/c; 6,.- voltage errcr

cn theft busbars TsP with tee smallest icad of transfcrmer (lower

boundary of thi zone of iausnsi.tivity), 0/O. 6u,-vcltage error,

which corresponds to the avezali value of vcltage with the full icad

cf transfcrmer, o/c; 6I',-- the same wit. the smallest load cf

transformer, o/o: WU,- dead zcne of the regulating

device/aguipment, o/o (values, ari related tc the mcde/conditicns cf

*p-ak loads, thiy are ncted by tc Erimes, tc the mode/conditions cf

minimum load - by one prima).

Dead zone is called zb6 ranga of changss in voltage, with which

does not occur functioricgs cz ccrtrol equipent.

ii.



DCC 3 00L40311 FA GE f q

Th- size of dead zcra is accaited. tc 0.5-07o/o more than the

st- p/sta g4 of rigulatirg.

Fi;. 11-2 iepicts ciajzan 'IsP the lcengths cf distributicn

n~twork 6-20 kV, to whica are ccna-cted th- transicrmers with tha

transformation ratio 6-sC/0.23-C.bS kV. ItC is assumed that the

..1-ctrical rec,?-ivers ars ccnniict~fd only to the nets by voltage of up

to 1.)OOV.
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Fi. 11-2. Diagram of vcltage arrors on the terminals/grippers of the

clcsast and outermost eleczzical eceivers with thq contrary cf

regulating on the busbais IsP.

Kay: (1). Ce nter of feed. (2). 2Cne of branching. (3).

mode/conditions of peak loads. (4). Nodg./conditicns of minimum loads.

Page 244.

Tha parameters cf rez ard the range of regulating on the busbars

TsP must be selected in such a way that for all electrical receivers

would he provid-d satisfacticn cf the conditicn

whare 6UJ - a voltage arzcz cn -hb terminals/grippers cf electrical

I'
I
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receiver, 0/0; 5U,., an d 4U,_,_reatest respectively positive and

nzgativ3 vcltagq crrcr - cn tbh terminals/grippers of electrical

receivers, permittel acccruing to bOST 1110S-7, o/c.

In the sev.re ccnditicns can prove to te into depending cn the

mode/conditions of the crx ct met either nearest tc the trarsfcrmer

electrical recsivers A,.A,.....+,. CC outermost B,.A.s..

If condition (11-1) will oe satisfied fcz these receivers for

all mcdes/conditicns of tad bark cf net, then it will be alsc

satisfied for the remaining ccnrected to the ret receivers.

Figj. 11-2 dipicts the diagrams of vcltage errors on the

terminals/grippers of the closest and outermost receivers for the

modes/conditions of maximum and minimum loads. These diagrams are

constructed on the assusiticr that the ccnnected to the net lcad is

uniform and graphs of cbanSes ci toe active and r~active load with

time are identical for all gzcuis cf electrical receivers. Under this

condition the relaticn ct the icsses cf vcltage during the

modes/conditicns of ritium and peak loads will be In all

Plements/cells of net identical and equal tc relation minimum I' and

maximum I" the currents cz transfcrmer in TsF:

Distribution transzcrmers hava five brarchings: fundamental and
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four supplementary +-2x2.5c/c wcsa switching is possible only with

the off from thq net transfcrer ("switching without the excitaticn"

- PEV). To each tranchinS ccrrispcrds the specific value of the

addition of the voltage cz transtcimer, which is determined from the

formula U,, - Ulm
au, = . . o /;, (11-3)

wher-4 U3 3- relative value of ncuaial voltage, secondary winding of

th -ransforuer; u,,-relative value of the nominal voltage of

primary winding taking into acccunz the usqd kranching.

The values of tha additicne of voltage for distribution

transformers are given it latie 11-2.

The line of distrituticn network 6-20 kV can be broken along the

lpngth to the zones, each of wnicn corresponds to the specific

tranching of the windirg cr-trarsfcrmer. The nearest to TsP zone

corresponds to branching *5c/c, for which addition the voltages

smallest; after it arq azzanced/locatad the zcne of the following

branchings. Changes in tha line voltage of up to 1000V on the

boundary of two adjacent zones (cuts A2A3 , AA 5 and so forth cn the

diagrams of voltages or fig. 11-i) are equal tc a difference in the

additions cf the voltagea o the tranchings cf these zones.

For uniform loads caa te aetarmined the range of the contrary

\
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regulating of voltage cn tne &us ras TsP frc 61U', to WU',. the

permissible lcssss of lira vcltaya to 1000V AU.@ and into the net

6-20 kV 11... and alsc a rumrex ct utilized iranchings of distribution

transformers.

Page 245.

During ths derivatica of the subsequent fcrmulas it is accepted

that tha losses of vcltage in all distributicr transformers and from

each transformer to the rearest electrical receive: are equal.

Fi. 11-3 shows the express-icns, which are determining the

losses of voltage in the elamaats/cells cf net frcm busbars TsP to

the terminals/grippers ¢f 1ecmzicdl receivers, under the mcst

unfavorable working concdricns. Ihe magnitudes cf lcsses of voltage

in tha transfcrmers ar. xiuuced Ly the values of the additicrs cf

voltage, which corrispcnd zc tue Dranchings cf windings accepted. In

the numerators of fracticns are sncwn the expressions, which relate

to the mode/conditions cf peax loads, in the dencminator - tc the

mode/conditions of minimum loads.

M Mi.!1
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Table 11-2. Values of the additicns of the voltage of transformers.

I. &) Seaqu.a anfiSmn .pamelasu m cbP arop.U %

?gENCIb0PAM;IA - 06Noigu TPalIMc00ooaToPa. 8IAIII

+5 -0.43 0.25 -0:.3 0
+2.5 2.0 2.70 2.n 2.50 4.55 ,5.26 4.55 5
-2.5 7.23 7.96 7,23 7,5

-5 10.05 10.80 10.05 in

Key: (1). Branching cf tha primazy winding cf transformer, Oc. (2).

Value of addition cf vcltay= cz transfcrver, c/c. (3). Nominal

voltage of secondary winding Ci ttansformer, in. (4). Rounded value

of addition, o/o

Fig. 11-3. Losses of line vcltage in the modes/conditions of maximum

and minimum loads.
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Page 246.

1. Greatest voltage errcr cu hu-cLars TsP durirg mcde/conditicns of

peak loads is limited tc ccnditicE that vcltage errcr on

terminals/grippqrs of clcsast tc IsP electric receiver cn exceeds

that permitted 6U(+* (Fig. 11-3):

6U"W 6U(+,+A.Mf,+'AU,U,,+a-, % (11.4)

where auMs, - loss of voltage in net 6-20 kV from TsP to nearest TP,

o/0;

AU,,- loss of voltage ir transzcrier, o/c:

AU'.,- loss of voltage from seccucary side cf distribution

transformer to nearest electrical receiver, c/o;

6L4,,- addition of voltage tor tzarching +5c/c.

2. From diagram of voltages cr Fig. 11-2 it is evident that

lowest voltage in mode/ccnditicns of peak loads will be on

' terminals/grippers of receiver Ba, which obtains feed from
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transformer 2, connected to naeworx 6-20 kV at the end of zone of

branching +5o/o. Voltage cn this riceivir will remain within the

limits of the permissitle wita tae fulfillment condition (see Fig.

11-1 and 11-3)

6UMe_6U* .. )OU(_,+A% -. + (bUt--UTA) +
+AV,".-6uT1 +,sun. %.

where 6UT& - addition cz voltage with the biarching of the winding of

transfcrer +2.5, o/c.

Hence is determined the value of the permissible loss of line

voltage to 1000 V:

-6U.+26U(,a-dUP. 1. (1I-5)

3. minimum deviatic cz vcltae on bushars of TsP in

mode/conditions of minimum 1cads is limited tc condition that voltage

arrcr on torminals/grirpers cz electrical receiver E2 does not leave

permissible limits (see Pi. 11-2 and 11-3):
W 6U(c_+ K( U1Ja +8Uwr-8Uh1+ (

+O v,+IU.]--OUY. . -(-)

In thp latter/last formula in the brackets is shown total loss

of voltage from TsP to electrical receiver E2 during the

modo/conditions of p-ak loads, and coefficient K, determined

according to formula (11-2), considers the decrease of the lcss of

voltage inticat.d durirg the mcde/conditicns cf minimum loads.

4. Number of brancaing x ci latter/last zone is determined frc.

condition that voltage erroz cn terminals/grifpprs of qlectricalII
A[



DOC =80040312 tAG AF L

receiver As in mod./co.diLcns of minimum lcads does not exceed that

permittad 5U(+ (Fia. 11-2 ana 11-3):
8U'U8U(+r-aU, .+ K(AU',+8U,.-

-8U,, + A, +U",,)-6U,,. %. (11l7)

wher 8U,. - addition of vcltae icr branching x of winding of

transformer, o/o.

Page 247.

From this,

8U+Y.- 8'- SU., + K (Mi".,- 81U,,+ AU,, + aU",)

On 'lable 11-2 is selectea the number of branching for which the

addition i'i doqs not exceed tae vdlue, oktained acccrding to formula
" (1 1-8).

After substituting toe refined value of additicn 6U, intc

formula (11-7), we will cttain the upper limit cf the standard

deviations of voltage cn the busbars of UsP in the mode/conditions of

minimum loads 8u'..&. The lower limiz of this divergence 6'.. was

determined above acccrdimy tc fcxaula (11-6).

* Thus, in the mode/ccaditions of minimum loads voltage errors on

thp busbars of TsP must iadti±S the condJticr

WI'.., U',~ U',... %. (1l'g)
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5. Value of permiEsiola i.cs- of line voltage 6-20 kV is

determined by end/lead of zone cranchings x cf winding of transformer

(Fig. 11-3):

&U,0eftAV,,+ 6U, + 6U,,--28U,,. % II 0

6. Average values cf vctages in modes/ccnditicns of maximum and

minimum loads can he deterhineu respectively acccrding to formulas

(see Fig. 11-1):

6U',=8U'+,5 O. ,. (11. 12)

Example to 11-1. To determine the range cf regulating voltage

into TsP and values cf zbe permissible lcsses cf voltage in urban

distribution networks 38C/z20 V dnd 6-20 kV under the following

conditions:

1. The load of netwcrK/grid is uniform and the graphs/curves of

its changes with timp fcz all ccnaectqd to the netwcrk/grid 6-20 kv

transformers ara virtually identical.

2. Ratio of minimum sumamed current cf transformer in TSP to

maximum K=0.2.

3. Dead zone of device/ejuijaent RPN in Ts 6U,..-2.2%.

4. Standard dsviaticns on t.orminals/grippers of receivers

A'WON"
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5. Losses of voltage in transfcrmer for mode/ccnditions cf peak

loads AU",-3,5%.

6. Loss of voltage ±rcm &uoaxs of IsP tc nearest TP aLm,,-O.

7. Loss of voltage frcm usDoars of distributing frame in TP to

clcs.:st Pl-3ctrical receivaz %U".,-0,5%.

Solution. Consecutivaiy/sezially they are detBrmined frcm

formulas (11-4), (11-5), (11-6) and (11-8):

61.-5+0+ 3,5-0,25+0,5-875%;
aU,-8.75--2,2-(-5)-0-2,7+2.02a5-3,5-5.85%;

" ' MJ',,. ~pw6U'.s.--5+O.2 (0 +2.7.-025+ 3,5+ 5,85)-0,25 --- 2,89%;

5u .- (- 2.89) - 2,2 + 0.2 (0 - 0.25 + 3.5 + 0.5)
I -0,

PaqP 243.

On fable 11-2 we select the tranching cf the winding of

transformer -2.5o/o, fcZ Jbica tla addition cf vcltage satisfies thq

condition
7.96<8,0%.

Tha upper limit of tn% standard deviaticns cf voltage or the

tusbars of TsP is deterained zico icraula (11-7):

r 's.. -5--2,2+0,2 (0+7,96--0.25+3,5+0.5)-7.96--282%;

We accept in the ccntcrmizy with formula (11-9) 61.--2,85%.
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According to formulas (11-10), (11-11) and.(11-12) we determine

AIJ.o- +7,96+ 2.?-.25-10.16%;

6Uv,-8.75--0,5- 2.2-7.65%;
aUP,-2,85+05" 2.2--.75%.

Example 11-2. Tc find tie scluticn for the data of example by

11-1, but when distributicn netwcrA of city cttains feed thrcugh the

busbars RP and closest tc TsF transformer sutstation is connected at

the point of network/gria, the lcss of vcltage cf up to which from

the busbars of TsP comprises:

Solution:

u ,, =5+3.5+3.5-025+05-12.25%;
AU.9= 1225-2.2- (-5)--35--2,7+2 . 025--3.5-5.85%;

6('.. -- 5+ 0.2 (3.5+ 2.T-025+ 3.5+ 5.851 -0,25--219%;

5-(- 2.19) - 2.2 + 0.2 (3.5 - 0,25 + 3.5 + 0. ) .8.060;
1- 0.2

6U', ,-5-2,2+0,2(3.5+ 7.96-0,25+3,5+0,5)-7.96--2.12%.;
6U. =2,15%;

U,... 3.5+7.96+2,7-2 0,25-13.66%;

WU,= 12,25-0,5-2,2- 11,15%;
8W', --. 15+0.5- Z2--1.05%.

11-3. Local regulating c± vclcae.

The contrary regulating ct vcltage in Isr cannot ensure the

satisfactory quality cf vclta~e ftc the grcur cf the receivers, the

yraph/curve of changes cf loads ot which in the time considerably

diffirs from the graph/curve ct the total load of transformer in TsP.
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In this case for ottaininy tne satisfactory mode/conditicns of

voltage is necessary the us, cr means of the local regulating cf

voltage.

In electrical netwcrs bhere occurs the considerable consumption

of reactive power, fcr xegulatary the vcltage first cf all must be

usad capacitor banks of transverse compensation (KB) and synchronous

engines (SD), since in this case simultaneously is reached a

considerable decrease jr :te lcsses of electrical energy in the

retwork/grii.

Page 249.

Use for the local regulatiag cz voltage in such netwcrks/grids of

distribution transformezs with 8PN or the linear regulating

autotransformers proves to De uteccnomical.

Fig. 11-4 depicts the similified circuit of distribution network

to 1000 V, in which for local regulation of voltage are utilized

source of reactive power (KB cr SD), connected at point C. In this

figure: A - nearest to transcLemr receiver of the electrical energy:

2 - the outarmcst receiler.

On the diagram of vcltages (below in Fig. 11-4) point A,

.1
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corresponds to smallest lOdd vclza~a of the nearest receiver, and

point A,, - to the greatest vcltage. The correspcnding vcltage errors

cn the terminals/grippers or receiver A wit1~cut the acccunt the

additions of th,; voltage of transtcrmor are designated ty au,.,' and

The reactive source joker, sutficient fct regulating the

voltaga, is determined from ue formula

wbera U. - nominal vcltage is net, kV:

U - relative value cr line voltage at the Fcint of the

conrecticn of the source ci tee zeactive power;

XA- the reactance of exterral network/grid with respect to the

attachme3nt point of nearest riceiver, ohff;

OUA -range of regulatirg r-ka %cltage:

6UA -8UAUN.-WAMa. 1-)

AM
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I I

A? I

-'II , # *

*u,, ~

Fig. 11-4. Diagram for b;b Seijcrion of the range of the local

regulating of voltage.

Page 250.

Tctal rc.activi sourca owzr aipends on the selected branching cf

transformqr. Largest ard smallest c4 its value are determined

respectively according tc the tcraulas:

1U2A ( 1

, UIA , . ;
K.ey-:--- Q, .aap. (1 .1)

* Key: (1), kilcvar,
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From the diagram cn as 11-4 it follcws:
6U, A - 6U(+Ir-6UA Ujir-6U.,1. %a; ( -

&U1A -6U(+r- 8 UA ,--* U ,J.Y %. (1118)

where aU,, - aidition Of tne vcltage of transformer with branching

+5cLo, 0/0;

61,, - addition of the vcirage c¢ transfcrmer, determined onfable

11-2 in depending cn the ccndition

U.,<6UC+)-6UA uMOC. %. (11-19)

With the realization oi the Iccal regulating of voltage the

value of the permissible loss of line voltage is determined frcm the

condition

A u. (11-20)

where 8UC-A) is calculdted in Qepending cn the branching of

transformer accepted frca ee cf the formulas

aU=c_,) _ (- A _ t .UA; (1121)

-' )c UA" (11-22)

In these formulas X - tee reactance of external network/grid in

thp ohms with respect tc tue attachment point cf the source cf

reactive power, utilized for te regulating vcltage.

If for regulating the vclzage is utilized KB, then its rcminal

power is determined frca to the fozmula
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Key: (1). kilovar:

wher:. Q - tha calculatea reactive iowar cf KE, cttained on one of

fcrmulas (11-15) or (11-1b) by zha kilovar;

U- relative value cf iine voltage at the pcint of the

ccnn.action of KB.

KB is rscommended tc aavida in the secticn of the equal power

whose number in deperdirg cn ccncrete/specific/actual conditicns can

be accepted as different.

Page 251.

During thp use of KB for regulating the voltage in the lighting

systems it is necessary to checx, do satisfy the value of degree cf

regulating and the frequency cr the inclusicns cf sections of KB

requirements of GOST 131C9-67 z¢r the quality of voltage (fable

* 5-11).

When selecting of reactive source pcwer, utilized as the means

of r4gulatinq voltage, it is accessary to keej in mind that generated7 ,";" this scurce tbe reactive ct must nct ccrsiderably exceed the

consumel in the netwcrk/gria rvactive power. Use for regulating the
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voltage of KB or SD in eiactLical networks in which the power factor

is clcs to th: unit, car prove to be accnomically unsuitable.

For the tentative calculaticas when selecting cf power cf KB

Table 11-3 gives tc the stei/stage of regulating upon the

inclusion/connection of secticn o KB with a power cf 100 kilcvar

when th3 reactance of external network/grid is equal to the

resistor/resistance cf thb razicated in the table element/cell.

Example 11-3. Electric motczs and lighting fixtures of the shcp

of industrial ant-rprise are connected to general/common/total

distribution network by 38U/iO V and obtain feed frcm transformer

with a power of 1000 kVA, 10/0.4/U.23 kV. The greatest consumed

reactive power of shop is equal to 920 kilcvars. The. standard

leviations of load vcltagE of 1lganing fixtures are equal to 6Ut+,-+5%

&Wt---Z5% (according to GCST 13109-t7).

On the terminals/grippers cf the nearest to the transformer

lighting fixturs the vcitaye errors (without the account the

additions of the voltage c t arstcrmer) can vary in the range from

OuAU,.W--7% to 
8

U, mu--IS.

'. I
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able 11-3. Steps/stages oi rdgulating vcltage upon the

inclusion/connection of b.

,) 1 (-) (3)

HWHIineROMM~aa. siexena C~yneb peryfpCeHu M oewmxr cenu , (S.
BUa l~el ~ce e Ma upu]el4I.. O 1 KOtPO CTyneepeI MuHmeOb DC n e B a. ryxupocaaKn pasi

_____________ 10 Iap 1%. CARP

(4) Tpaw(copuaTop 6-10/, 4 a MOuMOCTbO. Ma

100 5.5 18
160 3.5 29
250 2.3 43
400 1.45 70
530 0.9 110

1000 0,59 170
(-')BQayuamZ J1UMNM .HAHI I 9 H8 HounHaaitoe nanpacene., e

0.38 21 4.8
6 .1,05 9510 0,038 2 600
20 0,01 10000

(, To e aCelbJna jAimN,.

0.38 I 4.15 24
6 0.022 4500

10 0,008 12500
20 0.00275 36300

Key: (1). Designation cz tne element/cell of external network/grid.

(2). Step/stage of rpgulazicn cl vcltage for KB in pcwer 100 kilovar,

c/o. (3). Power of secticn KB, at which steE/stage cf regulating is

equal to 1o/o, kilovar. (4). Iransformer 6-10/04 kV by power, kVA.

(5). Aerial line with a length ct I km ncminal voltage, kV. (6). Then

cable line, kM.

Page 252.

To detarmine power cf KE, utilized for the regulating cf voltage

in the notwork/grid cf shop, and tae value cf the permissible loss of

,. I
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voltage in this netwcrklgrid undar the fcllcwing conditions:

the reactance of extazmal network/grid is equal respectively:

to neqarest lightirS fixture xAo.o 

to thR point cf the ccnnecticn of KE Xc-OUI4 f.

Relative value cf lino volTage at the Ecint of the connection cf

KB U=1.

The amount of pcwer or K must be apprcximately/exemplarily

equal to the maximum value of tke consumed reactive power.

Solution. we determine zne necessary range cf regulating voltage

according to formula (11-14):

Corresponding to this jower range of KB we find through formula

(11-13):
10- 0.382-1- 5.S ,

QP - 7W 7 ap.

Key: (1). kilovar.

For determining the smallest total Fower of KB from%'able 11-2

wq selact branching of ch. indlngs of shcp transformer in depending
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on the valp of the addition oz voitaga, determined from condition

(1 1-19) :

We accept the fundamental tranching of the transformer for which

6U,, -5.26%.

Power of KB we determine from formulas (11:18) and (11:16):
8 U1A = 5-(-7)-5.26-6.74%;

6.74 (1)
QN1, -- -Is 792 = 970 KMp.

Key: (1). kilcvar.

We accept the pcwer oz cna section cf KE of the equal tc 160

kilcvars and the total rumer cf sections equal to 6. In this case

the oower of KB will be equal tc:

Q-QU-6.160-96o &ilcvar.

Of six sections of KB one must remain ccnnected round-the-clock,

and the others must be used for regulating the voltage.

The power of KB accepted satisfies that set the example to the

condition for the complete ccujersaticn for the consumed in the shop

reactiv. power.

Upon the incl'uslon cf on4 section of KE at pcint C and at all

&
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more distant points cf network/grid the value of the

osc±l1ations/vibraticns cf vcltage will te equal to:
0.014 6.74au, 1 . ' -=I.57 ,,

Onfable 5-11 we determine tnat the frequency of inclusions and

cutoffs/disconnections Cf secricns of KB intc the hcur according to

effect condition of the cscAllatacts/vibzaticrs of voltage on the

work of lighting fixtures must nct exceed IC.

Page 253.

The dead zone of ccntrolling device can be accepted equal to:

6U,1J, I.57+O.G t2.%.

The value of the permassinle loss of line voltage of shop we

dqtcrmine from formulas (11-22) and (11-20)

UCA )  0,)l )- I .6.74 . 2.7 %;

aU,,.- 5-2.2 + 2,7- (-2.5) - 8%.

11-4. Selection of tho scurces or reactive power acccrding tc the

condition of efficiency/cost-efrectiveness.

The selection of the sources cf reactive power and points/items

of .heir connections by the design must te ccnducted cn the minimum

cf total expenditures taking irtc acccunt the ccst/value of

generation and transmissicn or reactive power to the place of use.
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Fig. 11-5 d-spicts the casa wnan into pcint/item A of

network/grid riactive pcuar can De transmitted from the n sources.

Compensation consumed ir icint A oa reactive pcwer QA can be also

realized by means of cornecticn an this Foint/item of capacitor bank

C.

gI

* I

S~
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ZI

Ra,

If Fig. 11-5. Diargram of tae balance cf reactive power for the ncde of

network.

Page 254.

I.. In this case the totd1 quantizy of expenditure.s for generaticn

and] transmission of reactive icuer can be determined according to the

formula

3 - a4.Rd

if

..

• 3tgl sm (D, + 2OD,+) r
3,s Q11 + bCTr pj6/.Msp; (11-25)

;3. . Q2 +14,,. p le

ey: (1). rub. (2) . rb/Evar.

newok

Pae 54



DOC = 80040312 PAGE 4

and for capacitor banks cf trauaverse compensation according to the

formulas:

3,c yx fp,K, + bjT) + bCT, P s1ap; (11-26)
32m - bC,,, py6/Meap'.J

Key: (1). rub. (2). rut/var.

In formulas (11-25) and (11-26):

Ko - capital investments in the equipment of the source Cf the

r.active power, which dc not depend on the aucunt of the generatable

and transmitted by the netwoar/grid power, rut; for example, for

condenser/capacitcr bank (9u) ox 0-10 kV these insertions are

composed of the cost/value of chaner/camera FU to the commutating

apparatus and cable for the ccnrections cf KE tc the busbars, the

cost/value of the building of sutstation (if installation of XB

requires expansion of sukatatlca) and of the like;

K, - specific capital investments, in reference to 1 Mvar of the

generatad by source reactive power, rub/1var;

Po and a. - total annual deauctions res~ectively from capital

investment Ko and K. the switching on ccefficient effectivenesses,

- :
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deduction to the renovation, the major overhaul and the

maint enance/servicing;

T - annual total hcurs c¢ utilizaticn the generated by scurce

rsactiv3 power:

v - annual number ci hours cf the maximuz lcsses;

Q-- total rated pcwer ot tae grcup of synchroncus machines, Mvar;

a- number of the synchicncus machines;

f - loss tangent ct cajacitcrs/condensers, LO/Mvar;

C, and D2 - coefficients, bhach depend cn technical

specifications of machines, Nw.

Fundamental technical specirications of the most widely used

synchroncus motors are given in lable 11-4, ard the ccrrespording tc

them coefficients D, and D2 - in Table 11-5.

Coefficient * characterizes the relative charging of the

reactive power of the syrchrcncus machines

I I (11-27)
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wherq Qs - total nominal zaactive/jet poker cf machines, Mvar;

- enerated by machines reactive power withcut the account to

the power, transmitted tc pcint A cf network/grid, Mvar.

Page 255.

The components/teras/addends r1CT and b2C*T in formulas (11-25)

and (11-26) determine the cosz/vilue of the lcsses of electrical

energy in the network/grid curing the transmissicn of reactive power

from the sourcq to the Ilaca ct ccasumption. The specific

costs/values of losses b, and t2 are determined from formula (10-13)

for an annual number of hours iith respect tc T and r.

Coifficient v. considars an increase in the generated by source

reactive power due to the lcsses in the retwczk/grid during its

transmission to the place ot the ccnsumpticn:

Coafficients C, and Ca in tcrmulas (11-25) and (11.26) and

coefficients E, and E2 in :fomula |11-28) depend on the parameters of

the netiork/grid between the source of reactive power and the

point/item of its consum~ricn.

I III I I I I I ._ I i I
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Table 11-4. Fundamental techn.LcCd specificaticns cf synchroncus

ffctcrs 6-10 kv.

HOMMa'&I"Sea MaCcrO 7b -

ToArae U U

CflH 14-49-6 6 1170 1000 510 1000 53 95.2
C6l'i 15-39-6 6 1860 1600 811 10 74 9.5.7CZH | 5-39,6 .1

C/i 16-69-6 6 4600 4000 2C05 000 140 96.7
CMl 16-104-6 72M 6 300 3 147 1000 198 97.1
CDJH 17-119-8 6 11420 100C0 4978 750 278 97.3

CMi 18-71-12 6 7250 6300 3160 .900 225 96.7
C JI -18-111-12 6 11 700 10000 4991 500 30; 97.4

C4 19-54-24 6 465 4000 2027 250 18 95.6
Ci 18-14-40 6 415 320 181 15 53,5 85.5

C1H 18-24-40 6 615 500 26.3 I15 53.5 90.8
Cliii 19-31-60 6 985 800 429 100 86.5 90).4
Clh 20-31-60 6 1920 160 837 100 128 92.4
BAC 213/24-10 6 1520 1300 663 600 68 95.0
CAIC 16-41-20 6 955 800 416 300 59.5 93.6

CLIK 18-16-36 6 495 400 216 167 45.5 90.0
CTM 1500-2 3 1750 1500 763 3000 75 9.5.4

CTM 3500-2 G 4050 3500 1 765 3000 145 96.2

CTM 12000-2 , 13700 12000 5972 3000 330 97.5
CJIC3 19-125-16 6 22400 19500 - 375 - 96.7

MC 325-20/12 t I 700 9000 7500 500 1530 85.5

MC 213-15/8 10 6500 5000 390 750 200 96.4

flC3 1811-6 10 3000 2580 1307 1000 120 95,6
CM~j13 15-49-10 10 1460 1 250 6,36 600 64 95.3
CJl 16-71-10 o 1880 1 600 820 600 92 94,7

CIC3 17-I0-6 10 1600 1230 960 1000 50 96.2

CI.IC3 29012-16 to1 4900 4200 2 136 375 210 9.5.4
CXC3 19-125-16 10 200001 a80I - 375 - 97.4

Key: (1). Type of engine. ({). Nominal vcltage, kM. (3). Rated power.

(4). complete, kVA. (5). active, k. (5). reactive/jet, kilcvar. (7).

Speed of rotation, r/air. (d). bated losses by active power, kw. (S).

Efficiencies.

4

II I III I I l -4 T-'.-. .,_ =... : J=-:': q,,,,~ r, .,- .. ia
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Page 256.% Tabla 11-5. Tae avaiiabl=i reactive rower and the value cf

coefficipnts in formula (11-25) for the synchrcrcus mctors 6-10 kY in

dopeniing on load voltage dad tre load factor.

PacoOaraeMan PeaSTUG* ibol4o cmHO U asn eNuOi a
(1 raleAq IopH ianpxacelsua Ha JaxnH)a.. p4(11.4

TMu 3AHriTeAs gem

96 200 105
( K Koprbuuiiem 3arPy3Ei .labraeAE De D9

c i-i M 19.5 7.47 1 1.35 .2| 2 1.21 1 2 .1 .2
c.iLl I ;!1* 'l,4 .'13 iI '..1 1.25 I 1.1 2 .0 1 15.81 1'.rIa 41122 .1 5 .2 2132 223 22 2.0 '1 2 . .
C ul 11"-119- 1.711.35 I .: 1.fl ,1 n , 283 1 7
C,1)2 IR1.72.22 2.45 1.13 2 1.31 I l 25 I.(72 2.071 7..1 26.5
C.U4 18.11112 . . 14 2 1.37 1.30 I 1,14 2.0 l 1 :14),,; 20,8C.'H 1)2-1 1.27 .2.2 l I.O 7 4,4 -2 .4
Cal18.1.10 ..441 2.37 I 2.30 2. 24 1,12 .8 7.13 4.72
C il 18-1-40 1.18 1.41) 1 1.32 1.25 1 113 1.08 1 8.7 G.4CJIH i-11.% 1.47 1.311 1 1.31 1.25 1 1.06 1.06 1 14.2 11.8
C.IH 20.31-60 1.57 1.51 1 1.35 1.30 I 1.09 1.06 22.3 12.9m111C 213121-0 1.47 1.28 1 .42 2.29 1 1.33 1.22 1 7.62 6.93
VIC 1.41-20 21.53 1.45 1 2.33 1.28 1 1.10 I.o6 7.2 5.5C. 12K I8.16-2 12.52 12.4AI 2.32 1.281 1.12 1.07 1 5.78 5,0
CTM 1500.2 1.57 1.38 1 1.50 1.321 1.42 1.24 2 5.85 7.26CT 1500.2 1.r6 1.15 1 2.51 .321 1.41 2.26 1 8.88 12.6
Cr120).2 157 1.34 1 2.54 2.33 1 2.48 I..781 I M,9 43.2C.1¢C3 19.125.16 I1.14) 1.40 1 2.35 1.27 1 1,17 1.10 1 57.3 29.3
MC I2 .20/12 1.23) 2.,')1 1.47 1.43 1 1.07 2.01 2 78.7 37.0
.%%C 213-1/8i I2.-,) 1.21 1 1.16 2.14 1 1.01 .02 1 23.6 23.6
.IC3 181-6 12.57 2.42 1 2.46 1.32 1 2.29 r. 7L 1 2.0 4.92
C213 15,49-10 2.48 1.37 1 1.35 2.2'2 % 1.20 2.22 1 8.98 4.42C ii 16.71.1 2.70 1.59 1 1.43 1.18 1 2.22 1.06 1 8.55 8.63
CIC.3 17.10-5 12.35 1,27 1 1.27 1.19 2 12.5 1,01 5.9 8.3
C.C3 ) 1 2-I i 2.51.57 1 2.40 2.35 I 1,11 2.06 1 8.9 14.7
CC3 22 2t -. i 6 2t,8l.71 1 2.52 1.421 1.17 1.10 1 35.5 13.7

K-eY: (1). Type of engina. (, ). Available reactive pcwer of engine

with load voltage. (3). Values cz coefficierts in fcrmula (11-25),

KV, . (4) . Load factor cf engine.

Page 257.

Upon the connection of electrical devices cf lcw and average/mean

* power to thi nitworks/grids ct jcwerful/thick Fcwer systems t~e

valups of these coefficients car e determined frcm the apprcximaticn

''
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formulas:

2 Ql.,+,R .+ ,+

2 2

(11-29)

2Z Q. I1+% "1. +

1-0

U.

-1 (11.30)

, ,= Ious=
2 ' ,XI . , ,,

to reactive power, required in cde A (Fig. 11-6) , fvar;

Ru~,,A~g~~s..respectively active aud reactance of section +1-().

led to voltage U. oh.

If source is connected ditrectly to the place of the consumpticn

of reactive power (fcr exavile, cczdensez/cafacitor bank C in Fig.

11-5) , then expenditures for its tzansmisicn are equal to zero and

7 coefficiqnt Y6 should L4 taken as equal to 1. Fcr this case cf the

amcunt of the reactive Fcwez, transmitted frcu each source tc the

I
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point/item of the consunEicnd, bhich correspcnd to the minimum of

expenditures, they are detezhined zrom the fcrmulas:

v 2 , • 1.2.

10 10 .

'• I

4L i-
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o ~e~e. cni a.|+ 1 I "
C- a-to I L

a.

Fig. 11-6. Replacement scaeme of radial network/grid.

Key: (1). power system.

Page 258.

If according to the tecbnical or eccnomic specifications of KB

it cannot be established/installed in the pcirt/item of the

consumption (battery C in Fig. 11-5 is atsent), than the optimum

amcunts of reactive source powdr are determined from the formulas

2QA+ ,

(1132)
h=I.

J Q - 3,,

To the amount of genazatakle and transmitted to the point/item

cf consumption reactive lower axe superimposed the limitations

according to the conditicas ci tne thermal ccnditions of

- stator-rotors unit of macnines Q,.,,, and the stability condition of

their work Q.-,,:

.0,,M
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II
also, for capacitor.bants witb especi tc the cndition

FurtherTorl, ust te checed eulfillina technical requirements

for thvalues of alec tl cints and th currents in all

elements/cells of netwcrk/grid.

The greatest permissible aacunt of generated by engine reactive
Spow,;.r Q31.111611 can be de.terained in dependirg cn the icad factor of

engine and value cf voltage ca its terminals/grippers inTable ,1-5.

Technical specifications of capaciters/ccndensers are given to

i Table% 11-6, cost/value ¢f ganged ccndenser/capacitor devices cf the

Ust'-Kamenogorsk condo.nser/capacizcr plant - in fable. 10-14 and

'.I values of dioletric lca s factor Tabl 11-/7.

then the measurR of its specific ccst, determined on able 10-14,

must be refined accord!zg to the formula

Ki,
K,-Or. zut/Mvar, (11-35).

wh--r K. - spqcific ccst/value cf KS with the nominal voltage,
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rub/Mvar;

U - relative value cf line vcltaga at the pcint cf the

connection Of KB.

With performing of calculaticns the values cf ccefficients

are assigned on the basis cf the esperier.ce cf design engineer.

Subsequently these values can te refined acccrding tc fcrmulas

(11-28) and (11-30).

Example 11-4. Industrial enterprise obtains electrical pover

frcm power system 9 alcng tha line 110 kV AE (Pig. 11-7a).

Distributivi point D, Iccated in the shop of enterprise, is ccnnected

to the busbars 10 kV of substaticn 110/1C kV by tha cable lines CD.

Page 259.

The consumed in the shck reactive pover in the mode/conditions of

maximum composes Q,-s Rvar. As the sources cf reactive power they can

be used:

1) the generators ct the pcver system;

2) synchronous motczs ct tne type SDN-16-71-10 in power 1600 kW,

L1
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connected to the bustars aP ct snoi (number cf engines m=7);

3) condenser/capacitor tank 1KB), ccnnected up busbars the same

SP (number of s-ctions ct X6 as accepted equal tc tc).

.1

;t
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fatble 11-6. Fundamental tacni~cal specificaticns of

capacitors/condansers tcr the transverse coupensaticn.

Twu wwam4 da@'ue. MAUAHOCIb. w&r0"M

KMI-4.38 %.38 13 XONAVIlCaTopUMbI 3a-
FKM 1.0.5 0,5 13 usA

KM2-0,22 0.22 40-12
K(M2-0.38 0.38 25
1(M2-0.5 0.5 25
KMH2-.06 1.06 25
KMI-1.05 1,05 14
KM21.06 1.06 25.5
KMI-3. IS 3.15 13
KMI-813 6.3 12.5
I(MI-10.5 10.5 15
KM12-3. IS 3.15 27.5
KM12-6.3- 6.3 25
KM2-10.5 10,s 27

KN12-0.22 0.22 8,35 Cepnymoucmill 3a3OA
1(M2-0.38 0.38 25 *KouAewcarop" (C)
KM12-0.5 0.5 25
KMI-0.6 0.8 9.5

* KM*0.91 0.91 9.5
KM-lO 11.0 10
KMI-3. 15 3.15 10
KM.-6.3 6.3 10
KMl0.5 10.5 10
KM2-0.6 0.6 25
KM2-1.06 1.06 25
KM2-3. 15 3.15 25
KM12.3 6.3 25
KM2-iO.5 1015 22.5

Key: (1). Type of capacitcz,'ccndenser. (2). 1cuinal voltage,' kV. (3).

Nominal rcwer of kilcvar. (4J). Manufacturing ;lant. (5).

tst-Kaaenogorsk condgraer/cajpacitcr plant. (6) . Serpukhov plant

"Kcndensater".

Page 260.

To dptqrmini the cptimum degree of utilizatica of the scurces cf
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reactive power indicated under the following conditicns:

gynchronous motors are utilized exclusively for purposes of the

compensation for raactive pcwar in Doint/iti, r (value cf coefficiert

V-0).

Cost indices:

chamber/camera KRU and canle tor the ccnrection of KB taking

into acccunt the installaticn wcrks - 2000 rut;

regulator of the excitaticn of synchroncus motcr with the

rounting - 500 rub;

regulator for the ccattci cr sectiors cf KE with the mounting -

400 rub.

Specific qxpindituxes, caused by the expansion cf power plants

for the compensation fcr Fower lc¢ses, a=2411C rub/He.

Prime cost of the ccnsumkticn/producticn/generation of

electrical energy, switctin ca expenditures for the expansion of the

fuel resourcps, 8=4.96 rub/nWan.
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Coefficient of particiat1cn in the mazigul cf power system

K. - I.

Coefficient, which considers an increase in the cost/value of

elcctric power for nets ci industrial enterprise. 6=1.2.

Annual total hours of utilization of a maximum of reactive power

T=60)0.

Number of hours of maximum losses r=4600.

The amounts of the ccnsumea reactive pcwer in points/items C and

D and the values of the zasistois/resistancus of the elements/cells

of network/grid with resEect rc vcitage 10 kV are shown in Fig.

11-7b.

Problem can be solved without the account tc the cost/value of

tha gqraration of reactiie powdz cm the cwer plants of system and

its transmission on the retworxsqL ids of power system.
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1abl. 11-7. Values of the loss tangent of capacitors/condensers.
- ) 

_( )
BeoUtws 

r 

ire 
ites 

)raj 

worepi,

Itiirpmcdte. o~Uiti-mt cntt X~LRA 'KIOPILOC H ?P0-
so ti iti|e nuglecilde i1cMAn ,ejuR

(7()CepnYXOBCXHA 33- <1.05 0,0045 0.0=3
oa Koaeoa. W.05 0.0035 0.003

Top. >1,05 0,003 0.0025

(7) YCm-KaMeHorop. < .05 0.0045
ceiA icoNAeuca- ">1.06 0.005

Kev: (1). Manufacturer. (2). bcsinal voltage, kV. (3). Value cf loss

tangent. (4). usual pertcrmanct. 45). exicrt and tropical

performances. (6). Serpukaov lant "Kondensatcr". (7).

Ust,-Kamanogorsk cqndenser/capaciror plant.

all

ai

-al.* 0M4 r 0.09)081

Fig. 11-7. Diagram for eamle 11-4.

Key: (1). Mbars.

Page 261.

Solution. We determine the measures of tha specific costs of the

'I

1..o
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losses of electrical enejy acccraing tc formula (10-13)1 for an

annual number of hours %itn resjact 6000 and 4600:

11.24170

N- 1.2 -6- + 4 .6 9  = 1.49 py/.ufa e m

K;!-y: (1)1 rub/Mti-h.

FOOTNOTE 1*. In formula j10-13) to designaticns b, and b2 corresponds

y. ENDFOOTNOTE.

Through Table 11-4 and 11-5 be find fcr the synchronous motcr

of the type SDN-16-71-1G of tha aacunt of nominal reactive pcwer -

0.82 Mvar and coefficients of D,-8.55o10 - 3 .4W and D2=6.63-10-3 MW.

On ablq 1.0-14 we sel.ct tne secticns ct KB of the type KU

10-Il of the Ust'-Kamencors ccnaenser/capacitor plant, fcr which

specific cost/value cofficss 71GC zub/var. he loss tangent for

these capacitors/conderserg is ceterminid on tatles 11-7; f=0.0035

Mw/Mvar.

Tha valuas of yearly deductions from the capital investments we

find from table 10-2; fiz the dt¢usters - 0.2492, for capacitor banks

- 0.2222.
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Thq componints of axptnditures for RB we determine frcm formulas

(11-26), bearing in mird that at is ccnnected directly in point D

and, therefore, should te taken as 70 equal tc cre, ani latter/last

mptmber in tha second formula equdl to zero:

3,,.-2"0,2222 .2000+0,2492 400-988 py6.; Q.
3,-I (0.22227 100+10.45- 0,0035 5000) +01 =800 p6/,%Idap;.(-

3:=0.

Key: (1). rub. (2). rut/Mvar.

Th . components of the exiandizures during the transmissicn of

reactive power of the system we oetermine fmcm formulas (11-25), in

which the first terms must mcde cz life they are accepted equal

tullet, since the cost/value of 9aaeraticn cf reactive power cn the

power plants of system acccrdiry tc the conditicn of an example is

not considered. The values cf ccelficients C, and C2 are determined

frcm formulas (11-29) taking into account the diagram in Fig. 11-7b:
2 (11.0.07 + 5.0,06)

, 1 05" 2.14.10-2;

C, 0.07+0.06

Hence: 3-0;
311-1 0,45.-2,14, i0-2.6 000-1 340 py6/Mgn .O,

3t,-11.9.0.13. 10-24600,71.3 pyO6Meaps. )

Key: (1). rub/Nvar. (2). rub/lvarz.

* Page 262.

Th- components cf exienditures for the ergines are determined on

I -
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formulas (11-25), in whica is ccasidered the cost/value of the

generation of rAactive/j]at powuz (cost/value cf thq lcsses of

electrical energy in the angines), and the cost/value of its

transmission takes as equal to z2rc, since angines are connected

directly in point D:

S3 .z- 7.0,2492. 500-872 py6.;

3,1 1. 10.45.7 (8.55. I0-a + 0)-6 000
7.0.82 +0=655 pg/Mp;

1. 11.9.7 -6.63 -10-8.4 600
3 -- 8 1"119"' 3 ' +0 -77 p.8#/Mep.

Kay: (1). rub. (2). ruh/nvar.

we determine frca tfcmulds (11-31) the optimum amounts of the

r-activi power, generated by iach sourca:

for the genqratcrs cf rhe Eawir system

S1800-1340
" 2.71.3 -3.27 avar;

for synchronous engines

1800-65
Q, .' - .7 ""va'.

and for capacitor bank

1
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Q-.5-327-7,45--5,72 8 var.

For capacitor bank was obtainad negative power and to

establish/install it prcves tc ta economically disadvantageously.

Remain two sources ci reactive power. fcr which the calculation

shculd bp repeatid accciding tc formulas (11-32):

it s determined value x:
2 +1 340+.65

S1380 pqd/Msap.13- +, -

Key: (1). rub/4var.

Hence we determine tae reactive power, transmitted from the

system:

I 380- I 340
Qa -=13 0=.8 avax.

and generated by the syncarcacus actors:

1380- 6

Thlis, most economical source cf reactive power in this case are

synchronous engincs. The ainamuit value of exFenditures we determine
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frcm formula (11-24):

3o.,-0+ I 340.0.28+71,3.0.28 +872+655•4.72+
+77.44.72m 6 060 py6.

Pago 263.

During the complete co=maazatjon for reactive pcwer by the

synchronous motors

Q,-S Map (1)

Key: (1). Mvar.

and the values of experditures will be equal to:

3-M 2+66. 5+77,V-6 070 r U.

We verify for the engiues satisfaction cf ccndition (11-33).

Nominal reactive pcuer cf seven engines is equal to:..

Qw-7.Ol-5.75 I VA.

As it follows from ale 11-5, this power can be provided with

the full load of engines and changis in load vcltage within the

limits of 0.95-1.05 nciral cues. Under such ccnditions it is

possible to accept:

2.
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Quassm5,75 Ivar.

Th. stability of tne wcrA Cf engine with rcrually

mode/conditions and cos 0=1 is ircvided, and it is fossible to

accept:

+- Q.,,, O.

Since during the usa of an engine for the compensation the

generatable power can vary %itain zhe range Cf 0 to 5 var, the

conditiun (4-33) is satis.fied:

:. * f

I
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Page 264.
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